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SATURN  AND   HIS  SATELLITES. 

KDWARI)    S.    HOI.DBN. 
F*ir  The  Messkx(;kk.  ~ 

Mr.  Marth  was  good  enough  to  call  my  attention  to  an 
interesting  conjunction  of  Japetus  on  Nov.  8,  at  17.8  p.  s.T., 
which  was  observed  here  as  follows : 

At  loA  S-^m  p.  s.  T.  the  double  distance  of  Japetus  east  of 
the  center  of  Saturn,  measured  in  the  direction  of  the  major 
axis,  was  8''.22  (6),  or  the  distance  was  4'Ml.  At  loA  49m 
the  position  angle  of  Japetus  from  the  center  of  Saturn  was 
7',()  (5). 

At  15/2  lOtn  Mimas  was  the  only  satellite  not  visible;  En- 
celadus  being  plainly  seen  just  n,  f,  the  following  and  north 
limb  of  the  planet  and  almost  half  as  bright  as  Japetus.  At 
the  same  time  Tethys  was  more  than  twice  as  bright  as 
Jafxrtus.  At  Ifi.T/j  Enceladus  was  no  longer  visible,  being 
about  7 Ah  past  elongation.  Under  the  best  circumstances  I 
think  this  satellite  can  even  now  be  followed  completely 
round  its  orbit. 

Since  October  2*2  Saturn  has  been  viewed  here  on  everv 
suitable  night  (about  fifteen  nights),  usually  l)y  Professor 
Schaeberle  and  myself.  The  following  notes  of  observation 
may  have  some  interest,  although  subsecjuent  observations 
mav  modifv  them : 

The  Bull. — At  the  jjouth  pole  there  is  an  extremely  narrow 
brighter  ])olar  cap.  Its  dimensions  parallel  to  the  equator 
are  about  5",  and  i)er])endicular  to  this  about  the  width  of 
the  Cassini  division  at  the  ansa*.  It  has  been  seen  bv  Mr. 
Schaeberle  on  several  occasions,  but  I  have  been  sure  of  it 
only  once,  namely,  on  the  very  i^erfect  night  of  November 
lo,  when  the  seeing  was  strictly  first-class,  and  when  the 
estimates  of  its  size,  just  given,  were  made.  It  is  bordered 
on  the  north  bv  a  verv  narrow  belt,  which  is  notablv  darker 
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than  the  dark  olive-green  hue  of  the  southern  hemisphere. 
On  the  southern  hemisphere  there  is  one  narrow,  bright  belt 
south  of  the  equatorial  belt  from  which  it  is  separated  by  a 
narrow  dark  band,  not  uniform  in  color,  but  broken  into 
whitish  clouds  over  a  rosy  background  as  in  M.  Trouvelot's 
Harvard  College  drawing  of  1874.  There  are;  also  two 
brighter  narrow  bands  south  of  this.  Next  north  of  the 
bright  equatorial  belt  is  the  dusky  ring,  the  ring  S3'stem 
(B  and  A), and  finally  the  northern  hemisphere,  wh  •  ]  ma- 
terialh'  brighter  than  any  part  of  Ring  A.  There  also  seems 
to  be  a  faint  dusky  belt  just  south  of  the  dusky  ring,  and  it 
is  curious  to  note  that  the  ends  of  this  belt,  where  they  meet 
the  two  limbs  of  the  ball,  are  spread  out  (parallel  to  the 
minor  axis)  apparently  more  than  perspective  requires. 

Shadow  of  Ball  on  Ring. — In  good  seeing  this  is  always 
concave  to  the  center  of  the  ball  and  of  a  uniform  curvature. 
Nothing  whatever  can  be  seen  inside  of  this  shadow. 

Shadow  of  Rings  on  Ball. — This  has  always  appeared, 
both  to  Mr.  Schaeberle  and  myself,  even  in  the  best  condi- 
tions, slighth'  wider  north  and  south,  at  the  preceding  than 
at  the  following  end. 

RingB. — This  is  shaded  as  in  M.  Trouvelot's  well-known 
drawing,  except  that  it  appears  to  the  eye  perfectly  flat, 
Avhereas  the  drawing  gives  a  slight  curvature  to  the  surface. 
In  front  of  the  ball  the  shading  is  also  seen,  and  here  it  gives 
the  appearance  of  a  rounded  surface.  The  lines  of  division 
between  the  various  shaded  zones  are  fairly  sharp.  The  line 
of  division  between  B  and  C  is  perfectl}'' definite  and  sharp, 
more  so  than  in  any  recent  drawing  that  we  have  seen,  ex- 
cept one  by  Mr  Keeler  w^th  this  telescope. 

Ring  A. — This  ring  is  notably  less  bright  than  B,  and  is 
gra\'  in  color.  The  Encke  ** division"  has  not  yet  appeared 
to  Mr.  Schaeberle  or  to  me  as  a  true  diyision,  but  rather  as 
a  shading  better  defined  on  its  outer  edge  than  at  its  inner. 
This  shading  is  now  seen  about  two-fifths  of  the  width  of 
Ring  A  from  the  outer  edge.  We  have  so  far  seen  no  sign  of 
the  division  in  Ring  A,  shown  in  the  drawing  by  Mr.  Keeler 
in  The  Sidereal  Messenger,  February,  1888,  page  81. 
This  division  cut  off  a  narrow  zone  from  the  outer  part  of 
Ring  A,  about  one-fifth  of  the  width  of  this  ring,  and  this 
zone  was  represented  as  much  brighter  than  the  rest  of  Ring 
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A.  Under  the  best  circumstances  of  \'ision  (onh')  I  have  seen 
such  a  zone,  with  less  contrast  of  brightness,  however,  than 
as  figured  in  the  drawing  referred  to. 

The  Cassini  division  appears  to  be  perfectly  black  and 
bounded  bv  smooth  curves. 

I  have  been  forcibly  struck  bj"  the  analogy  between  Ring  A 
and  Ring  B.  Both  appear  to  have  brighter  exterior  zones 
and  to  be  shaded  in  similar  ways.  I  think  observers  may 
aid  their  conceptions  of  the  appearances  on  Ring  A  if  they 
will  consider  whether  Ring  B  would  not  present  similar  ones 
were  it  materially  reduced  in  brightness. 

Dusky  Ring  (C). — So  far  this  ring  has  always  appeared 
uniform  in  texture,  and  essentially  so  in  color.  The  edge  to- 
wards Ring  B  is  sharply  terminated,  and  the  inner  edge  has 
always  appeared  to  me  to  be  uniform.  I  have  so  far  seen  no 
dark  patches,  etc.,  etc.,  on  this  ring  with  certainty.  The  color 
is  a  reddish  brown,  or  a  grayish  red.  At  Washington  with 
the  26-inch  equatorial  it  has  always  appeared  to  me  more 
vivid  and  sparkling  in  tone,  and  more  violet  in  hue. 

This  diflTerence  in  color  I  attribute  to  the  difference  in  color 
corrections  of  the  two  telescopes.  The  secondary  spectrum 
is  less  obnoxious  here,  and  there  is  no  diffused  ghost  from 
the  object  glass. 

Satellites. — Titan  has  a  reddish  yellow  disc,  and  shines 
with  a  mild  light  quite  different  from  that  of  a  star  of  the 
same  magnitude.  Enceladus,  Tethys,  Dione  and  Rhea  are 
bluer  and  more  stellar  in  appearance.  On  Nov.  9  Japetus 
was  slightly  fainter  than  Dione  and  Tethys,  on  Nov.  10  a 
little  fainter  than  Rhea,  and  on  Nov.  11  nearlv  twice  as 
bright  as  the  latter  satellite. 


THE  NEW  MERIDIAN  CIRCLE  AT  CINCINNATI  OBSERVATORY 


J.  G.  PORTER,  DIRECTOR. 
For  Thb  Mbmbscgbb. 

The  new  Meridian  Circle,  constructed  for  the  Cincinnati 
Observatory  by  Fauth  &  Co.  of  Washington,  was  placed  in 
position  on  the  first  of  September.  As  this  instrument  em- 
bodies several  of  the  latest  improvements  in  construction, 
and  is  in  all  respects  a  first-class  piece  of  workmanship,  a 
brief  description  of  it  may  interest  the  readers  of  The 
Sidereal  Messenger. 
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The  clear  aperture  of  the  object  glass  is  five  and  one-eighth 
inches,  and  the  focal  length  seventy  inches.  The  instrument 
rests  on  two  iron  piers  which  are  placed  directly  on  the 
large  masonry  pier  built  even  with  the  floor  of  the  observ^- 
ing  room.  These  iron  piers  are  bricked  up  solid  inside  to 
within  one  foot  of  the  top,  leaving  room  only  for  the  count- 
erpoise weights,  and  the  whole  is  then  completely  encased 
with  wood.  In  point  of  stability  stone  piers  may  be  prefer- 
able ;  but  the  counterpoises  must  be  placed  above  the  axis, 
where  they  are  both  unsightly  and  much  more  in  the  way 
when  'the  instrument  is  reversed.  In  the  description  of 
Washburn  Meridian  Circle,  which  is  slightly  smaller  than 
ours.  Professor  Holden  states  that  five  minutes  is  about  the 
shortest  time  in  which  two  persons  can  safely  reverse  it. 
One  person  can  easil}'  and  safely  reverse  the  Cincinnati  in- 
strument in  about  three  minutes.  To  the  top  of  the  piers 
two  iron  plates  are  bolted.  Into  each  of  these  three  glass- 
hard  steel  plugs  are  inserted  upon  which  the  three  leveling 
screws  of  the  microscope  holders  rest.  By  suitable  oppos- 
ing screws  the  microscope  holders  can  also  be  shifted  east 
and  west  or  north  and  south.  The  counterpoise  levers  are 
carried  by  arms  which  project  from  the  microscope  holders 
downward  through  openings  in  the  top  plates  inside  the 
piers. 

The  telescope  itself  does  not  differ  materially  from  the  Rep- 
sold  type.  The  pivots  are  of  steel,  glass-hard.  The  object- 
glass  and  micrometer  can  be  interchanged.  The  cell  of  the 
objective  is  steel,  and  the  lens  is  supported  at  three  points, 
one  of  the  chucks  being  movable  and  pressed  inward  by  a 
spring  in  such  a  way  that  changes  of  temperature  will 
affect  the  collimation  onlv  and  not  the  nadir  point.  The 
micrometer  is  fitted  with  a  glass  reticule.  The  horizontal 
lines  are  about  10''  apart.  In  observation  the  star  is 
brought  midwa^'^  between  them.  The  right  ascension  mi- 
crometer carries  the  glass  reticule,  so  that  the  collimation 
can  alwa^'^s  be  set  at  zero.  A  declination  micrometer  is  also 
provided  carrying  a  single  spider  line.  The  neat  method  of 
indicating  whole  turns  by  a  separate  dial  is  applied  to  both 
micrometers.  For  focusing  a  key  with  milled  head  is  used, 
fitting  into  an  opening  in  the  side  of  the  telescope.  When 
the  focus  is  satisfactory  the  key  is  removed  and  the  aperture 
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covered  with  a  cap.  The  whole  micrometer  can  also  be 
turned  around  the  optical  axis  to  correct  for  inclination  of 
the  lines.  The  movement  of  the  ej'^e-piece  across  the  field  of 
view  is  effected  by  a  screw  of  steep  pitch  with  a  small  octag- 
onal head  which  turns  very  easily  between  the  fingers. 
Motion  in  either  right  ascension  or  declination  can  be  given 
by  simply  turning  the  plate  which  carries  the  eye-piece 
ninety  degrees. 

The  telescope  carries  two  circles  of  twenty-four  inches 
diameter.  One  is  divided  very  coarsely  to  half  degrees  only ; 
the  other  has  two  sets  of  graduation  upon  a  silver  band, 
both  of  them  to  five  minutes  of  arc.  The  inner  one  is  some- 
what heavier  than  the  other,  and  does  not  pretend  to  great 
accuracy.  It  is  numbered  to  every  degree,  and  is  used  merely 
for  setting.  The  outer  graduation  alone  is  visible  in  the 
reading  microscopes.  Several  sets  of  observations  have 
been  made  for  testing  the  accuracy  of  the  graduation.  The 
method  employed  was  to  compare  the  mean  of  the  reading 
of  two  opposite  microscopes  with  the  mean  of  the  reading  of 
the  other  two.  This  difference  should,  of  course,  be  con- 
stant were  there  no  other  source  of  error  than  eccentricitv. 
Each  of  the  sets  disclosed  a  periodic  error  which  can  be  rep- 
resented under  the  form  1''.5  sin  (2z — zj,  z  being  the  reading 
of  the  initial  microscope,  and  z^,  a  fixed  angle.  This  term  dis- 
appears when  the  mean  r»f  the  four  microscopes  is  taken. 
The  residual  errors,  after  the  application  of  this  term,  are 
very  small,  one  second  of  arc  being  about  the  limit.  For  a 
twenty-four-inch  circle  this  is  certainly  fine  work.  Professor 
Hall,  of  the  Naval  Observatory,  has  suggested  that,  since 
the  ten  degree  marks  were  put  in  first  and  the  dividing 
engine  run  from  one  of  these  marks  to  the  next  and  then  ad- 
justed if  necessary',  the  errors  would  naturally  show  most  b}^ 
comparing  the  divisions  at  9°  and  11°,  19°  and  21°,  etc.  I 
have  accordingly  commenced  an  examination  of  this  kind, 
but  as  yet  no  errors  have  been  found  which  much  exceed  the 
limit  already  stated. 

The  circles  are  clamped  to  the  axis  after  the  Repsold  fash- 
ion, and  can  be  moved  into  any  position.    They  are  solid, 
with  strengthening  spokes  upon  the  back.     With  circles  of 
this  size  the  flexure  should  be  insignificant.     Fastened  by 
means  of  two  arms  directly  to  the  cube  of  the  telescope  is  a 
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nickel-plated  ring  a  little  larger  than  the  circles.  Standing 
at  the  setting  microscope  one  can  readily  reach  the  ring  and 
revolve  the  telescope.  As  the  field  of  this  microscope  is 
large,  and  at  least  one  v^'hole  degree  division  is  always  in 
view,  the  setting  can  be  done  with  great  rapidity  and  ease. 

The  illumination  of  the  circle  is  bv  means  of  small  electric 
lamps,  and  is  practically  perfect.  These  lamps  are  placed  at 
the  end  of  each  microscope  and  can  be  lighted  in  succession 
by  turning  a  switch.  The  illumination  of  the  field  is  also  ef- 
fected by  an  electric  lamp,  and  a  small  hand  lamp  which  can 
be  lighted  by  pressing  a  spring  is  used  for  reading  the  mi- 
crometers. Thus  no  oil  lamps  at  all  are  needed,  though  the 
instrument  is  so  arranged  that  oil  illumination  can  be  used  if 
desired.  The  intensity  of  the  field  illumination  is  controlled 
by  tumidg  a  milled  head  near  the  eye  end.  Many  stars  of 
the  ninth  magnitude  have  already  been  observed,  and  it  will 
probably  be  possible  to  get  those  of  half  a  magnitude 
fainter.  Of  course,  for  very  faint  objects  a  spider  line  reti- 
cule is  to  be  preferred. 

With  the  instrument  the  makers  furnish  a  reversing  car- 
riage, an  observing  chair  of  neat  pattern  and  a  hanging 
level.  This  latter  is  quite  heavj',  but  it  has  a  device  which 
prevents  the  V's  resting  on  the  pivots  with  the  full  weight. 

On  the  whole,  the  points  about  the  instrument  to  be  criti- 
cised are  few  and  unimportant.  Such  slight  changes  as  the 
writer  might  suggest  would  possibly  not  suit  others  as 
well  as  the  present  arrangements.  It  is  certainly  pleasant 
for  Americans  to  feel  that  even  in  such  matters  as  instru- 
ment making  and  observatory  equipment  the^^  are  scarcely 
behind  the  most  renowned  firms  of  the  old  world. 


MR.  BRASHEAR'S  EUROPEAN  VISIT.* 
For  The  M sstsNOBB. 

I  had  not  the  good  fortune  to  spend  an  evening  in  an\'  of 
the  Swiss  observatories  though  I  paid  an  earlj'  morning 
visit  to  the  prettily  situated  observatory  at  Geneva.  While 
at  Cbamounix  we  had  several  days  of  beautiful  weather,  and 
I  longed  to  make  some  observations  in  that  far-off  land.  I 
found  a  very  excellent  4^inch  telescope  by  Secretan  in  the 

*  Continued  from  pa«c  301,  No.  69. 
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village  and  leased  it  at  a  pretty  high  figure  for  a  few  hours' 
work.  Observations  were  made  on  Jupiter  and  some  double 
stars,  but  as  the  telescope  was  only  provided  with  a  low 
power,  the  observations  w^ere  not  of  much  value;  but  I 
noted  that  there  was  very  considerable  disturbance  in  the 
atmosphere,  probably  due  to  the  rapid  change  of  tempera- 
ture common  to  the  summer  nights  in  the  Alpine  moun- 
tains and  valleys. 

Hastening  on  to  Munich,  the  home  of  Frauenhofer,  of 
Merz  and  Mahler,  of  Ertel,  of  Steinheil  and  many  others 
who  have  done  so  much  for  astronomical  science,  we  found 
a  hearty  welcome  in  that  city  of  art  and  science.  This  being 
the  Bavarian  jubilee  year,  and  there  being  a  great  exposi- 
tion at  Munich  it  was  a  good  time  to  be  there,  and  I  had 
the  pleasure  of  meeting  an  old  artist  friend  who  knew 
Munich  so  well  from  several  years*  residence  that  our  stay 
was  doubly  pleasant  and  profitable. 

The  Bavarians  have  not  forgotten  Frauenhofer,  he  being 
among  the  honored  ones  of  the  great  jubilee.  I  had  been 
there  but  a  day  when  my  friend  suggested  we  visit  a  house 
which  the  Bavarians  hold  as  almost  sacred.  It  was  found 
in  a  very  narrow  alley  near  the  center  of  the  city.  The 
surroundings  were  very  old  fashioned  and  certainly,  fpom  an 
artistic  point  of  view,  not  verj"  inviting.  At  a  distance  of 
perhaps  six  feet  from  the  pavement  were  these  words  in- 
scribed on  a  tablet  imbedded  in  the  cement  of  the  walls : 

A^aufed  im  1801  rourbc 
bcr  (^lajer  Ve^rling  unb 
(Epdtcr  fo  beru^inte 
^ie(^anicfer  unb  Cptifer 
frauenhofer  oerfd^uttet 
unb  iDunberbar  flcrettet." 

which  being  translated  would  read  about  this  way :  Upon 
the  falling  of  these  houses  in  1801  the  honored  glazier's  ap- 
prentice, and  afterwards  the  celebrated  mechanic  and  opti- 
cian, Frauenhofer  was  miraculously'  saved.  It  was  an  inter- 
esting spot  to  me,  not  made  sob\'  its  architectural  beauty  or 
its  surroundings,  but  because  it  was  the  early  home  of  one 
whose  labors  in  after  life  advanced  in  so  marked  a  degree 
our  knowledge  of  optical  science.  I  didn't  bring  many 
relics  home  with  me,  but  I  could  not  resist  the  temptation 
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to  dig  a  few  pebbles  from  the  walls  of  the  old  house,  once 
the  home  of  Frauenhofer.  The  works  of  Steinheil  and  Sohn 
were  visited,  but  at  the  time  of  mv  call  thev  were  not  work- 
ing,  though  I  was  shown  around  their  place  from  which  so 
much  good  work  has  come.  The  old  firm  of  Ertel  &  Son 
were  engaged  principally  on  transit  work,  and  I  had  much 
pleasure  in  examining  their  dividing  engine.  Mr.  Ertel 
showed  me  an  engine  that  he  had  experimented  on  for  many 
years  for  making  gratings,  but  it  never  came  up  to  his  ex- 
pectations. He  made  a  remark  to  me  that  was  ver\'  pleas- 
ant to  hear,  which  was  that  he  would  rather  do  work  for 
American  astronomers  than  for  anj'  other  in  the  world,  and 
then  gave  me  the  reasons,  which  summed  up  in  brief  were 
that  the  American  astronomer  knew  what  he  wanted, 
ordered  it,  and  paid  for  it  when  he  got  it.  Reinfelder  and 
Hertel  do  some  very  fine  work  in  oculars,  prisms,  spectro- 
scopes, etc.,  and  at  the  time  of  my  visit  were  making  a  nine- 
inch  objective,  and,  to  be  certain  of  producing  a  first-class 
instrument,  they  were  working  too.  That  would  seem  a 
queer  proceeding  in  this  country'. 

They  make  a  fine  wide  field  negative  eye-piece  giving  a 
beautifully  clear  and  flat  field ;  but  the  lowest  powers  show 
•* ghosts"  when  a  bright  object  is  being  obser\'ed  which,  of 
course,  can  be  eliminated  in  the  **  mind's  eve.'*  From  Mu- 
nich  we  went  to  Leipzig,  where  a  delightful  da3'  was  spent 
with  Eh*.  Victor  Schumann  who  is  doing,  perhaps,  the  fin- 
est work  of  the  kind  in  Europe.  He  is  working  principally 
in  photographing  the  si>ectrum  of  the  gases,  and  his  work 
has  been  mosth'  in  the  ultra  violet.  I  have  never  seen  a 
more  thoroughly  equipped  private  laboratory-;  and  the 
neatness  and  perfect  s\'stem  in  every  department  was  most 
delightful  to  witness.  The  Doctor  has  a  batter\'  of  eighteen 
quartz  prisms  for  work  in  the  ultra  violet  as  well  as  two 
fine  diffraction  gratings.  I  could  fill  many  pages  descriptive 
of  Dr.  Schumann's  apparatus,  but  I  will  only  say  that  he 
has  taken  perhaps  2,000  spectrum  photographs,  all  of  which 
are  arranged  for  quick  reference,  and  some  of  which  are 
most  remarkable.  I  will  refer  to  but  one,  nameh',  a  photo- 
gaph  in  the  ultra  violet  of  the  spectrum  of  nitrogen,  in 
which  I  counted  a  symmetrical  series  of  triplets,  twelve  in 
number,  the  individual  lines  of  which  were  clear  and  sharply 
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defined  in  the  negative.  I  am  sorry  I  have  forgotten  the 
wave  lengths,  but  these  symmetrical  or  harmonic  series  are 
characteristic  of  the  spectrum  of  nitrogen  as  may  be  seen 
in  Dr.  Hasselburg's  beautiful  maps  of  this  gas,  particularly- 
at  wave  lengths  44-2  et  seg.,  45  et  seq,,  and  473  et  seq. 

But  I  must  not  dwell  longer  in  this  charming  laboratory, 
much  as  I  enjoy  it.  Dr.  Schumann  is  doing  a  splendid  work, 
and  none  know  it  better  than  his  German  co-workers. 

The  Astrophysical  Observatory  of  Potsdam  was  our  next 
objective  point,  and  hither  we  went  the  day  after  lea\'ing 
Leipzig.  Drs.  Vogel  and  Lohse  were  off  on  their  vacation 
but  we  were  offered  every  facility  to  study  the  many  in- 
teresting instruments  of  this  great  Observatoy.  A  magnifi- 
cent spectrometer  has  just  been  completed  by  Bomberg,  of 
Berlin,  for  the  Observatory,  that  has  manv  new  features. 
I  might  mention  that  the  objectives  of  2V^  inches  aperture 
are  of  the  new  ^*  Abbe*'  glass  made  in  Jena,  and  they  are  cer- 
tainly beautiful  specimens  of  the  optician's  art;  the  correc- 
tions are  fine,  and  if  the  physical  properties  of  the  glass  turn 
out  equal  to  the  optical  characteristics,  we  will  have  great 
hopes  for  the  future  of  it.  Another  feature  of  the  instru- 
ment is  that  the  circle  has  its  graduations  on  the  under  side 
and  are  read  by  ** broken"  microscopes  with  great  ease. 
When  the  observing  telescope  arm  comes  around,  it  would 
strike  the  upward  projection  of  the  microscopes  if  they  re- 
mained in  situ ;  but  an  ingenious  device  drops  whichever  one 
comes  in  its  way,  and  immediately  resets  it  when  it  has 
passed  over  it. 

The  solar  photographic  instrument  of  this  Obser\'ator3'  is 
constructed  upon  the  plan  of  Sir  Howard  Grubb's  **sidero- 
static"  telescope,  /.  e.  the  tube  is  the  polar  axis  of  the  in- 
strument, the  objective  being  at  the  bottom  of  the  tube. 
Below  the  objective  is  a  flat  mirror,  which  may  readih'  be 
adjusted  to  throw  the  solar  image  in  the  axial  line  of  the  ob- 
jective. Only  the  mirror  need  be  exposed,  and  for  solar  pho- 
tographic work  I  should  think  this  instrument  would  be 
very  effective.  As  much  of  the  work  in  this  grand  institu- 
tion is  in  the  nature  of  laboratory  work,  the  roofs  of  the 
buildings  are  covered  with  soil  and  a  beautiful  growth  of 
lawn  grass  covered  it  at  the  time  of  my  visit.  One  lingers 
in  such  a  place,  unwilling  to  leave  it,  with  its  pleasant  peo- 
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pie  and  grand  work,  but  we  bad  to  go,  willing  or  not. 
Hamburg  we  had  long  wished  to  visit.  The  name  of  Repsold 
has  had  an  enchantment  to  us  for  j-ears.  Housed  up  in  a 
city  for  nearly  all  our  life  time  where  we  could  see  nothing  of 
that  higher  class  work  that  was  always  our  ideal,  it  was  a 
grand  day  for  me  when  I  set  foot  in  old  Hamburg.  The  very 
first  day  I  met  at  dinner  Dr.  Neumayer,  of  the  Hamburg 
**Seewarte, "  who  introduced  me  to  Eh*.  Mach,  of  Prague^ 
Dr.  Rumker,  of  the  Astronomical  Observatorj",  and  here  I 
also  met  Dr.  Luther,  so  you  see  I  found  many  genial  spirits,. 
and,  what  was  more,  they  could  talk  English,  which  was  a 
great  boon  to  me. 

The  Hamburg  Seewarte  is  perhaps  the  most  complete  in- 
stitution of  the  kind  in  the  world,  and  the  courteous  direct- 
or, Dr.  Neumayer,  is  known  among  all  nationalities.  There 
were  thirty-five  assistants  in  the  different  departments,  and 
every  department,  such  as  the  meteorological,  was  most 
thoroughly  equipped  with  the  most  perfect  instrumental 
means.  In  the  center  of  the  great  building  is  erected  the 
great  whirling  table  for  the  stud\'  of  the  anemometer  con- 
stants, and  which  was  used  not  long  since  for  a  study  of 
••aeroplanes"  bj'  a  member  of  the  French  Aeronautical  So- 
ciety. Every  device  for  deep  sea  soundings,  in  fact  almost 
every  nautical  appliance,  fills  the  interesting  museum  of  the 
Observatory.  They  have  their  own  corps  of  lithographers 
and  draughtsmen,  and  the  records  thus  kept  and  preserved 
for  reference  fill  many  hundred  quarto  volumes.  These  are 
always  available  to  captains  of  vessels  from  any  part  of  the 
world.  Dr.  Xeuma3'er  is  the  originator  of  the  sotith  polar 
expedition  for  the  benefit  of  meteorological  science.  He  is  a 
grand  fellow,  and  did  everything  in  his  power  to  make  my 
stay  in  Hamburg  pleasant.  Dr.  Rumker  of  the  Astronomic- 
al Observatorv  has  not  been  well,  and  Dr.  Luther  has  been 
assisting  him  during  the  past  summer.  There  are  some  fine 
meridian  instruments  in  this  Observatorv,  one  of  them  the 
work  of  the  grandfather  of  the  present  Repsolds,  and  of 
course  it  goes  without  sa\'ing  that  the  grade  of  the  instru- 
ment is  verj'  high. 

A  pleasant  ride  out  into  the  suburbs  brought  me  to  an  un- 
ostentatious building,  on  the  doorway  of  which  was  a  brass 
name  plate  about  the  size  of  a  page  of  the  Messenger,  with 
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the  modest  inscription  **A.  Repsold  and  Sohn,*'  engraved 
upon  it.  I  found  both  of  the  gentlemen  **at  home"  and 
they  gave  me  several  hours  of  their  valuable  time,  and  much 
as  I  felt  I  was  inposing  on  good  nature  in  staying  so  long  as 
I  did,  I  could  not  but  feel  that  I  was  welcome.  Fortunately 
for  me  they  had  just  finished  one  of  their  beautiful  heliom- 
eters,  a  description  of  which  was  accorded  me,  and  it  may 
interest  you  to  say  a  word  about  the  driving  clock.  The 
form  of  clock  now  used  by  the  Repsolds,  they  claim  does  not 
need  any  electric  control  from  the  sidereal  clock  for  photo- 
graphic or  any  other  accurate  work.  I  saw  one  attached  to 
the  photographic  telescope  at  the  Astrophysical  Observa- 
tory at  Potsdam,  and  was  informed  that  its  work  was 
perfectly  satisfactory  to  them.  Briefly  stated  the  principle  is 
this;  a  rod  of  steel,  say  15  inches  long,  %  inches  in  diameter 
at  the  lower  end,  tapering  to  %  of  an  inch  at  the  top,  is 
fastened  securely  at  its  base ;  i.  e.  not  pivoted  in  any  way. 
Near  the  tbp  of  this  steel  rod  a  weight  of  perhaps  five  pounds 
is  secured  at  the  proper  point,  but  is  adjustable  up  and 
down.  A  slotted  crank  extends  horizontallv  from  a  vertical 
rapid  movement  axis  of  the  driving  clock,  the  upper  end  of 
the  rod  just  spoken  of  extending  up  into  the  slot  of  the 
crank.  As  this  crank  is  not  slotted  to  the  centre,  it  is  evi- 
dent that  when  it  is  set  in  rapid  motion,  the  centrifugal 
energy  of  the  rotating  weight  tends  to  throw  it  out  to  a 
certain  distance,  due  partly  to  the  position  of  the  weight  on 
the  rod;  but  when  this  position  is  fixed  at  any  one  point 
the  elasticity  of  the  rod,  which  constantly  tends  to  bring  it 
to  a  vertical  position,  regulates  the  speed  to  a  high  degree 
of  accuracv. 

It  may  at  once  be  seen  that  this  is  not  a  friction-controlled 
clock,  and  as  it  is  so  simple  in  its  workings,  so  easily  con- 
structed, I  am  sanguine  that  it  will  rank  high  as  a  regulator 
for  drixnng  clocks.  While  the  invention  was  original  with 
the  Messrs.  Repsold,  they  laughingly  informed  me  that  they 
learned  that  a  Yankee  had  applied  it  to  regulating  a  Morse 
telegraph  machine  twenty  years  ago.  I  had  the  rare  pleas- 
ure of  an  examination  of  the  world-renowned  dividing  en- 
gine of  Messrs.  Repsold,  as  well  as  the  smaller  one  which  is 
largely  used  for  the  smaller  work.  It  would  occupy  too 
much  of  vour  time  to  even  run  over  the  salient  features  of 
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the  dixnding  engine.  It  has  come  through  three  generations 
and  stands  to-dav  unrivaled  in  the  excellence  of  its  work. 
Of  course  it  is  known  that  the  engine  is  not  automatic,  but 
every  individual  line  is  set  wnth  a  high-power  microscope, 
or  several  of  them,  as  the  accurcy  of  the  work  demands. 

It  ma\'  also  be  interesting  to  know  that  Messrs.  Repsold 
make  all  their  drawings  to  full  size.  Even  the  largest  tele- 
scope has  every  part  made  full  size.  No  tracings  or  blue- 
prints are  made,  and,  what  may  seem  remarkable,  no  figures 
are  marked  on  the  drawings.  The  workmen  must  take  all 
the  measurements  from  the  full  sized  drawings,  and  I  was 
told  that  few  errors  are  made.  But  the  brothers  Repsold 
have  a  personal  superintendence  over  everything,  and  I  need 
not  speak  of  the  results.  Every  astronomer  knows  that 
what  they  do  is  well  done. 

There  was  such  a  genuine  spirit  of  unselfishness  with  these 
people  that  I  came  away  a  thousand  times  repaid  for  my 
visit,  and,  as  was  the  case  in  Paris,  I  left  Hamburg  with 
feelings  of  deep  regret,  hoping  to  have  the  privilege  of  going 
again  before  my  humble  share  of  the  world's  work  is  done. 
I  know  I  have  exceeded  the  limits  of  propriet\^  in  this  letter, 
so  I. must  leave  m^-  visit  to  Hilger,  Sir  W.  Thompson's  lab- 
oratorj",  and  the  works  of  Sir  Howard  Grubb  until  I  write 
again. 


MARS   AND   HIS  CANALS.* 

n.  C.   WILSON*.   I'll.   I>| 


When  we  examine  the  disk  of  the  plnnet  Mars  with  a  tele- 
scope of  suflicient  power,  we  find  it  to  be  diversified  by  dark 
andlightmarkings,  of  definite  form  and  permanent  character, 
which  we  have  been  accustomed  to  inteqjret  as  evidence  of 
land  and  water,  continents  and  oceans,  similar  1:o  those 
which  exist  upon  the  surface  of  the  earth.  In  this  resjx^ct 
Mars  differs  from  all  the  other  planets.  Mercury'  and  Venus 
show  no  permanent  markings  whatever.  The\'  apj)ear  to 
be  completely  enveloped  in  peq^etual  clouds.  Jupiter  and 
Saturn,  it  is  true,  have  their  dark-colored  belts,  which  are 
more  or  less  permanent,  but  the  arrangement  of  these  par- 

•  A  paper  read  \ycfnre  the  Cosmos  Club  of  Xorthficld,  Minn.,  Nov.  23,  ISHS. 
t  Assistant  Professor  of  Astronomy  at  Carlcton  ColleRc  Observatory. 
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allel  to  the  equators  of  the  planets  indicates  that  thej'  are 
due  to  currents  which  are  produced  in  the  dense  vaporous 
envelopes  by  the  swift  rotation  of  the  planets.  Uranus  and 
Neptune  are  too  distant  to  admit  of  accurate  delineation 
of  their  surfaces,  but  what  little  has  been  done  with  two  or 
three  of  the  most  powerful  telescopes  in  existence  indicates 
that  they  are,  like  Jupiter  and  Saturn,  enveloped  in  clouds 
with  colored  belts  parallel  to  their  equators.  It  seems  sin- 
gular, as  the  late  Mr.  Proctor  said  eighteen  years  ago,  in 
**  Other  Worlds  Than  Ours,*'  that  **  among  all  the  orbs 
which  circle  around  the  sun,  one  only,  and  that  almost  the 
least  of  the  primary  planets,  should  exhibit  clearly  and  un- 
mistakably- the  signs  which  mark  a  planet  as  the  abode  of 
life." 

Mars  alone  presents  appearances  which  we  may,  with  any 
degree  of  certainty,  ascribe  to  the  presence  of  continents  and 
oceans,  islands  and  seas,  like  those  upon  our  own  planet. 
Upon  Mars  alone  do  we  see  indications  of  changes  of  sea- 
sons, winter  and  summer,  rain  and  snow,  like  those  which  we 
experience.  These  facts  lend  a  special  interest  to  this  planet 
which  attaches  to  none  of  the  others,  and  lead  us  to  specu- 
late as  to  the  kind  of  inhabitants  there  may  be  upon  that 
far-awa\'  world, and  what  they  are  doing;  whether  they  are 
like  ourselves.  Are  they  devoted  to  science?  Are  they  con- 
structing immense  telescopes  and  gazing  at  us,  making  maps 
of  the  Atlantic  and  Pacific  Oceans  and  the  eastern  and  west- 
em  continents  ?  Do  they  know  whether,  at  the  north  pole 
of  the  earth,  there  is  an  open  sea,  or  whether  there  is  an  un- 
discovered continent  near  the  south  pole  ?  Are  they  a  race 
of  great  engineers,  and  do  they  construct  public  works  on  a 
gigantic  scale?  This  last  question  is  suggested  by  my  sub- 
ject, **The  Canals  of  Mars,"  which  have  added  so  much  of 
interest  to  the  planet  during  the  last  few  years. 

I  place  before  you  a  chart*  of  the  planet  Mars,  a  copy  of 
one  constructed  by  Mr.  Proctor  from  a  large  number  of 
drawings  made  by  that  keen-sighted  English  astronomer, 
Dawes,  in  September,  1864  and  1865.  This  chart  is  on  the 
stereographic  projection  and  is  inverted, — the  south  polar 
regions,  that  is,  are  at  the  top, — ^because  the  telescopes  com- 


•  This  chart  may  be  found  in  Proctor's  '*  Other  Worlds  than  Ours  "  and  in  some 
of  the  later  text  books  on  elementary  astronomy. 
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monlv  used  bv  observers  exhibit  inverted  views  of  the  celes- 
tial  objects.  It  is  not  accurate  in  its  details,  but  shows  very 
faithfully  the  outlines  of  the  most  prominent  features,  and 
^ves  the  general  appearance  of  what  can  be  ordinarily  seen 
with  a  telescope  of  moderate  power.  The  darker  parts  are 
a  dusky  green  or  blue  color  and  are  supposed  to  be  seas. 
The  reddish  tracts  are  supposed  to  be  land.  Both  the  dark 
and  the  reddish  tracts  are  frequently  seen  to  be  covered  with 
areas  of  white,  either  clouds  or  snow.  I  notice  that  Profes- 
sor Holden,  in  his  report  of  observations  made  this  summer 
with  the  great  Lick  telescope,  speaks  of  some  parts  of  the 
continents  as  bright  yellow.  I  presume  that  we  may  attrib- 
ute both  the  red  and  vellow  colors  to  different  conditions 
of  the  Martial  vegetation. 

At  the  top  of  the  map  we  see  the  region  of  ice  and  snow, 
which  lies  at  the  southern  pole.  Around  that  is  a  sea  which 
is  unnamed  in  the  map.  Then  comes  the  south  temperate 
zone  with  several  tracts  of  land  named  after  Cassini,  Lock- 
yer  and  other  astronomers.  In  later  and  more  accurate 
maps  these  are  represented  as  islands.  The  coast  line  be- 
yond them  is  not  often  distinctly'  seen.  Below  this  zone^  the 
features  are  more  distinct  and  easily  recognized.  First  there 
is  an  almost  continuous  belt  of  water,  Maraldi  Sea,  Hooke 
Sea,  Dawes  Ocean,  Arago  and  Herschel  Straits  surrounding 
Phillips  Island  and  connecting  Dawes  Ocean  with  Delarue 
Sea.  Next  the  equatorial  belt  of  four  great  continents, 
Herschel,  Dawes,  Madler,  and  Secchi,  separated  only  by 
straits  and  seas.  Kaiser  Sea,  between  the  first  two  conti- 
nents, is  the  darkest  and  most  easily  recognized  marking  on 
the  disc  of  Mars.  Below  these  continents  is  a  narrow  belt 
of  water  completely  encircling  the  planet,  then  a  narrow 
strip  of  land.  La  Place  Land,  then  a  narrow  sea  surrounds 
the  north  polar  ice  cap.  These  two  polar  caps  are  always 
brilliantly  white,  and  sometimes  appear,  because  of  irradia- 
tion of  light,  to  project  beyond  the  edge  of  the  disc. 

The  more  prominent  of  these  features  of  Mars'  surface 
were  noticed  over  two  hundred  years  ago.  Cassini,  with 
one  of  those  outrageously  long  telescopes  which  were  used 
before  the  invention  of  achromatic  refractors,  was  the  first 
to  discover  that  they  were  of  a  permanent  character,  but 
Hooke,  an  English  astronomer,  obtained  better  views  of  the 
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planet  as  early  as  1666.  Since  then  a  host  of  eminent  as- 
tronomers, among  them  the  Herschels,  Arago,  Secchi,  Beer 
and  Madler,  Nasmy th  and  Jacob,  Delarue  and  Phillips,  Lock- 
yer  and  Dawes,  have  thought  the  study  of  Mars'  surface 
worthy  of  a  considerable  portion  of  their  time.  Within  the 
past  few  years  this  work  has  been  prosecuted  by  a  number 
of  enthusiastic  and  careful  observers,  among  them  Burton 
and  Boeddicker  in  Ireland,  Knobel,  Denning,  Green  and 
Maunder  in  England,  Terby  and  Trouvelot  in  France,  Per- 
rotin  and  Schiaparelli  in  Italy,  and  we  have  for  part  of  the 
past  opposition  and  for  the  future  to  add  the  names  of  the 
observers  who  are  permitted  to  use  the  great  Lick  telescope 
in  America — Holden,  Keeler  and  others. 

Up  to  1877  the  observers  appear  to  have  confined  them- 
selves chiefl}'^  to  delineating  the  outlines  and  variation  of 
tint  of  the  dark  areas  which  immediately  strike  the  eye  when 
one  examines  the  disc  of  Mars  wnth  a  telescope  of  sufficient 
power,  and  to  have  neglected  to  examine  carefully  and  per- 
sistently the  bright  reddish  areas.  During  the  opposition  of 
1877,  which  was  exceptionally  favorable,  Mars  being  at  its 
neafest  approach  to  the  sun  and  to  the  earth  at  the  same 
time,  M.  Schiaparelli,  the  director  of  the  Observatory^  at 
Milan,  had  the  happy  inspiration  to  concentrate  his  atten- 
tion upon  the  great  brilliant  areas  of  the  continents,  in  or- 
der to  studv  their  minutest  details.  He  was  rewarded  bv  a 
brilliant  discoverA',  of  details  so  numerous  and  surprising  in 
character  that  many  astronomers  are  still,  after  the  lapse 
of  twelve  years,  incredulous  of  their  reality.  It  was  no  less 
than  a  perfect  network  of  very  narrow  dark  lines,  mostly 
straight,  running  across  the  continents  in  all  directions,  con- 
necting the  seas.  To  these  Professor  Schiaparelli  gave  the 
name  of  "canals,''  because,  I  suppose,  of  their  straightness 
and  from  the  fact  of  their  connecting  the  seas.  In  1879  he 
again  saw  the  canals^of  1877  and  several  new  ones.  No  one 
else  was  able  to  see  them,  although  many  observers  were 
provided  with  more  powerful  telescopes.  Two  or  three  saw 
some  narrow  markings  on  the  planet,  but  it  was  not  certain 
that  these  were  the  same  that  Schiaparelli  had  seen.  During 
the  opposition  of  1881-82  Schiaparelli,  following  up  his 
wonderful  discoveries,  struck  a  last  blow  to  the  confidence 
of  the  astronomers  who  hesitated  to  follow  him ;  this  time 
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the  canals  appeared  almost  all  to  be  double.  A  new  canal 
appeared  beside  the  old  one,  rigorously  parallel  in  most 
cases,  and  starting,  not  from  the  same  point  of  origin  as  if 
the  old  canal  were  simply  divided  into  two  component 
canals,  but  from  a  different  point,  as  if  a  new  canal  had 
really  been  formed  parallel  to  the  first. 

I  have  prepared  a  copy  of  a  chart  of  Mars  constructed  by 
Professor  Schiaparelli,  from  his  observations  made  in  1882 
and  1886,  upon  which  you  can  see  the  network  of  fine  lines, 
the  canals,  crossing  the  continents  from  sea  to  sea  in  all  di- 
rections. They  are  somewhat  exaggerated  in  distinctness  in 
the  drawing,  so  that  you  may  see  them  with  ease.  This 
chart  (Fig.  1)  is  upon  what  is  called  Mercator's  projection, 
the  regions  near  the  poles  being  distorted  out  of  all  pro- 
portion, but  the  equatorial  regions  represented  accurately. 
•Will  you  compare  the  lines  of  the  chart  with  Schiaparelli 's 
own  words  of  description : 

**  These  lines  [the  so-called  canals]  run  from  one  to  another  of  the  dark 
spots  of  Mars,  usually  called  seas,  and  form  a  very  well-marked  network 
over  the  bright  part  of  the  surface.  Their  arrangement  seems  constant  and 
permanent  (at  least  so  far  as  can  be  judged  by  the  observations  of  four  and 
one-half  years);  but  their  appearance  and  the  degree  of  their  visibility  is 
not  always  the  same,  depending  on  circumstances  which  we  cannot  at  pre- 
sent discuss  with  full  certainty.  In  1879  many  appeared  which  had  not 
been  seen  in  1877  and  in  1881-1832  all  those  which  had  been  seen  the  first 
time  Were  re-discovered,  and  other  new  lines  as  well.  Their  number  could 
not  be  estimated  as  less  than  60.  Sometimes  these  lines  or  canals  show 
themselves  under  the  form  of  diffused  and  indistinct  shading;  at  other 
times  they  appear  as  very  definite  and  precise  markings  of  uniform  tone,  as 
if  they  had  been  drawn  with  a  \ycn.  In  most  instances  their  curvature 
differs  very  little  from  a  great  circle,  if  indeed  it  does  differ;  some  others-. 
however  are  much  cur\'ed.  The  breadth  of  the  finest  can  hardlv  be 
estimated  at  less  than  2°  [70  miles]  of  a  great  circle  but  in  some  cases  it 
reaches  to  about  4°.  As  to  the  length,  that  of  the  shortest  is  certainly 
less  than  10°,  others  extend  to  70°  and  80°.  The  color  is  sometimes  as 
dark  as  in  the  seas  of  Mars,  but  often  it  i  i  brighter.  Each  canal  termi- 
nates at  its  two  extremities  either  in  a  sea  or  in  another  canal.  I  know  of 
no  instance  where  one  end  remains  isolated  in  the  midst  of  one  of  the 
bright  areas  of  the  surface  without  resting  on  lines  and  dark  spaces. 

**Now  in  many  of  these  lines  it  has  fallen  to  me  to  observe  the  curious 
and  unexpected  circumstance  of  a  doubling  or  reduplication ;  this  happens 
in  the  following  manner:  To  the  right  or  left  of  a  pre-existing  line,  which 
suffers  no  change  from  its  previous  direction  or  position,  another  line  ap- 
pears, nearly  equal  to  the  first  and  parallel  to  it ;  in  some  instances  a  slight 
difirrence  of  appearance  being  visible  and  sometimes  also  a  slight  diverg- 
ence of  direction.    The  distances  between  the  pairs  of  lines  formed  in  this. 
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manner  varies  from  6°  to  12°  of  a  great  circle;  there  were  also  other  lines 
which  I  suspected  to  be  doubled,  but  the  distance  being  less  than  5°  of  6^ 
the  telescope  did  not  succeed  in  resolving  them,  and  showed  in  that  place  a 
large,  broad,  and  somewhat  confused  stripe.  Sometimes  a  line  is  divided 
by  another  which  intersects  it  into  two  districts  or  sections  of  unequal 
darkness  and  extent;  in  this  case  the  companion  line  is  divided  into  two 
sections  in  the  verj'  same  way,  with  one  exception  no  sensible  irregularity 
of  direction  or  of  shape  could  be  ascertained  with  the  power  used  in  these 
observations,  which  was  always  one  of  4-17.  Some  of  the  pairs  show  so 
great  a  regularity'  that  one  would  say  that  they  were  s^^stems  of  parallel 
lines  drawn  by  rule  and  compass.  Perhaps  however  this  regularity'  will 
not  resist  the  use  of  a  high  magni^'ing  power.  *  In  various  instances,  pairs 
are  so  connected  the  one  with  the  other  as  to  form  a  polj'gon  of  double 
lines  with  very  pronounced  angles,  and  such  a  series  then  occupies  a  great 
space.  Two  pairs  sometimes  cut  each  other  without  being  interrupted; 
meeting  then  three  bj'  three  they  form  at  the  points  of  triple  intersection  a 
network  of  which  our  telescope  could  only  give  an  exact  and  complete  reso- 
lution in  one  or  two  cases. 

''Excluding  those  cases  not  well  ascertained  through  the  inability  of  Che 
instrument  to  resolve  objects  so  minute,  the  number  of  reduplications  I  ob- 
served in  the  last  opposition  is  20,  of  which  17  had  been  establislied  in  the 
course  of  one  month,  from  January  19  to  February  19,  the  mean  date  cor- 
responding very  nearh*  to  the  end  of  the  second  month  after  the  vernal 
equinox  of  the  planet.  The  phenomenon  seems  to  }yt  confined  to  a  definite 
epoch,  and  it  appears  as  if  it  took  i^lace  simultaneously  over  the  whole 
])lanet's  surface  occupied  by  the  bright  areas.  No  trace  could  be  ascertained 
in  1877  during  the  weeks  which  preceded  or  immediately  followed  the 
southern  solstice  of  the  planet.  Only  one  isolated  case  presented  itself  in 
1879,  between  Decemljer  24-  and  26^  and  this  was  exactly  reproduced  under 
similar  circumstances  l)etween  Januar}'  11  and  12,  1882;  it  took  place  in 
the  two  lines  named  Nile  I  and  Nile  II  on  my  chart  of  1879.  Both  of 
these  two  epochs  being  close  to  the  vernal  equinox  of  Mars  there  is  ground 
for  Ijelieving  that  the  phenomena  of  reduplication  may  be  periodical,  and 
jKrhaps  connected  with  the  position  of  the  sun  with  respect  to  the  axis  of 
rotation  of  the  planet."* 

When  SchiaparelH's  chart  for  1882  was  published  it  was 
received  with  incredulity  and  almost  ridicule,  by  many. 
This  was  due  in  part  no  doubt  to  a  fault  in  the  engraving 
of  the  chart,  which  made  the  lines  of  the  canals  and  the  out- 
lines of  all  the  markings  of  the  planet  hard  and  unnatural, 
quite  unlike  the  actual  appearance  in  the  telescope.  But  if 
you  will  compare  the  two  charts  you  will  see  how  diflScult 
it  is  to  reconcile  the  features  of  the  one  with  those  of  the 
other.  The  diflFerent  method  of  projection  and  the  addition 
of  so  many  new  features,  all  exaggerated  in  distinctness, 
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renders  the  whole  aspect  unfamiliar.  Yet  if  one  will  start 
with  a  prominent  marking  as,  for  instance,  Kaiser  Sea  (Syr- 
tis  Major),  and  follow  the  coast  lines,  he  will  find  nearly 
every  feature  of  the  Proctor  chart  upon  that  of  Schiaparelli 
and  in  its  proper  place.  Perhaps  the  greatest  difiFerences  ap- 
ply to  the  long  narrow  inlets  of  Nasmyth,  Bessel  and  Hug- 
gins.  These  are  replaced  on  Schiaparelli 's  chart  by  narrow 
canals  or  pairs  of  canals  (Protonibus,  Ceraunus,  Iris  and 
Gigas).  In  fact  if  we  examine  the  original  drawings  of 
Dawes  we  find  that  the  appearance  of  these  features  corre- 
sponds very  much  more  closely  with  the  chart  of  Schiapa- 
relli than  with  that  of  Proctor. 

Up  to  1886  no  certain  confirmation  of  the  duplication  of 
the  canals  or  of  their  existence  was  obtained  by  any  other 
astronomer,  but  in  that  year  Professor  Perrotin  of  the  Ob- 
servatory of  Nice,  succeeded  with  a  15-inch  telescope  in  de-^ 
tec  ting  fifteen  of  them,  and  witnessed  also  the  duplication  of 
several.  It  will  give  one  an  idea  of  the  difficulty  of  seeing 
these;  objects,  to  know  that  Professor  Perrotin,  armed  with 
so  powerful  an  instrument,  at  first  gave  up  the  attempt 
after  several  days'  fruitless  effort;  having  renewed  his  trials 
still  without  success,  he  was  about  to  give  them  up  finally, 
when  he  succeeded  in  seeing  the  canal  Phison  which  crosses 
Dawes  continent. 

During  the  present  year  both  Perrotin  and  Schiaparelli 
were  provided  with  still  more  powerful  instruments,  the  lat- 
ter with  an  18-inch  and  the  formei  with  a  30-inch  refractor, 
and  the  results  obtained  from  the  study  of  Mars'  surface  go 
to  tompletely  confirm  Schiaparelli's  discoveries.  Several 
drawings  of  the  planet  by  these  two  gentlemen  have  been 
published  in  recent  periodicals  and  I  have  copied  two  of 
them  for  your  benefit.  The  lower  on  the  left  hand  (Fig.  2)  is 
by  Schiaparelli,  from  sketches  made  on  June  2,  4  and  6.  The 
most  prominent  marking  near  the  center  is  easily  recognized 
as  Kaiser  Sea  (Syrtis  Major  and  Nilosyrtis)  of  the  chart.  On 
the  right  is  the  curious  forked  bay  of  Dawes.  The  canals  of 
the  equatorial  regions  are  drawn  very  much  as  they  appear 
in  the  chart.  Some  old  ones  are  omitted  while  several  new 
appear.  This  (Astaboras)  is  straight  and  double  instead  of 
curved  and  single  as  in  the  chart.  It  is  not  really  a  separa- 
tion of  the  old  canal  into  two,  but  a  new  canal  is  seen  start- 
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ing  from  a  different  point  of  Kaiser  Sea,  and  running  parallel 
to  the  old  one  to  a  diflFerent  point  of  the  lake  (Ismenlus). 
The  greatest  diflFerence  is  in  the  regions  around  the  north 
pole.  The  system  of  canals  is  extended  right  up  to  the  polar 
cap,  and  we  notice  across  the  ice  cap  itself  two  dusky 
streaks.  This  opposition  was  very  favorable  for  the  exami- 
nation of  the  north  polar  regions,  that  pole  being  inclined 
considerably  toward  the  earth,  and  the  opposition  occurring 
after  the  midsummer  of  .the  northern  hemisphere  of  Mars, 
so  that  the  polar  snows  were  largely  melted  and  the  ice  cap 
reduced  to  a  minimum.  It  seems  quite  reasonable  to  sup- 
pose that  these  dark  streaks  may  be  open  channels  in  the 
frozen  polar  sea. 

The  drawing  on  the  right  (Fig.  3)  was  made  by  Perrotin 
at  Nice  on  the  evening  of  June  4,  at  about  three  hours  later 
than  Schiaparelli's,you  will  notice.  The  aspect  of  the  planet 
seems  quite  difiFerent  at  first  sight,  and  3'et  one  may  recog- 
nize several  of  the  same  features.  The  rotation  of  the 
planet  has  carried  Kaiser  Sea  toward  the  left  edge  of  the 
disk.  Dawes  Forked  Bay  has  come  toward  the  center  and 
the  large  continent  of  Madler  has  come  into  view  on  the 
right.  Several  of  the  same  canals  may  be  seen,  and  four  of 
them  extend  across  the  sea  on  the  north  up  to  the  polar  cap. 
They  agree  well  with  those  of  the  other  drawing,  consider- 
ing the  changed  aspect  of  the  planet  due  to  rotation.  At 
the  left  end  of  the  polar  cap  is  a  notch  which  corresponds 
with  the  position  of  the  dusky  streak  on  Schiaparelli's 
drawing.  Perrotin  saw  a  dusky  shading  between  the 
parallel  canals.  Whether  that  is  due  to  the  more  perfect  or 
less  perfect  defining  power  of  his  telescope  I  am  unable  to 
say.  The  upper  drawings*  are  produced  from  sketches  b\' 
myself  with  the  11-inch  telescope  at  the  Cincinnati  Observa- 
tory. The  one  was  drawn  April  3,  1884,  8:30  to  9:00  p.  m*., 
some  time  after  the  opposition,  so  that  the  phase  was  quite 
gibbous.  No  canals  were  seen,  but  the  colors  of  the  diflFer- 
ent portions  of  the  disk  were  carefully  noted  and  I  have  at- 
tempted to  reproduce  them  without,  however,  perfect  suc- 
cess. The  other  sketch  was  drawn  March  6,  1886,  at  mid- 
night, the  best  observing  night  I  have  ever  seen,  and  when 


•  One  of  these  drawings  was  reproduced  in  the  November  number  of  the  Mrs- 
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the  planet  was  almost  exactly  at  opposition.  Two  of  the 
canals,  Indus  and  Hydaspes,  are  distinctly  shown  and  the 
place  of  others  indicated  by  a  faint  shading,  although  at 
that  time  I  knew  nothing  about  the  canals  and  did  not 
identify  them  until  a  few  daj's  ago. 

Considerable  curiosity  has  been  felt  as  to  the  performance 
of  the  great  Lick  telescope  and  its  testimony  as  to  the  exist- 
ence and  nature  of  the  enigmatic  canals,  and,  although  it 
was  late  in  the  season,  two  months  after  the  planet's  oppo- 
sition, that  the  monster  eve  at  Mt.  Hamilton  was  turned 
upon  Mars,  its  testimony  has  been  neither  uncertain  nor  dis- 
appointing. A  series  of  twenty-one  drawings  made  by 
Messrs.  Holden  and  Keeler  during  the  months  of  July  and 
August  have  recently  been  published.  In  these  many  of  the 
canals  are  shown,  closely  agreeing  with  Schiaparelli's  chart. 

What  then  are  these  strange  markings,  and  why  have  thev 
not  been  seen  before?  are  questions  which  naturally  arise. 
The  discoveries  of  Schiaparelli  were  made  with  a  telescope  of 
only  eight  inches  aperture.  Why  is  it  that  so  many  observ- 
ers armed  with  more  powerful  instruments  have  utterly 
failed  to  see  them  ?  Partly,  perhaps,  because  their  skies  were 
not  so  transparent  as  that  of  Italy;  partly  because  their 
eyes  were  not  so  keen  as  those  of  the  Italian  observer;  part- 
ly also  because  the  phenomena  of  the  canals  are  periodic; 
but  more  because  of  lack  of  persistent,  long-continued  scru- 
tiny of  the  planet's  disc.  Again  Mars  can  be  seen  well  only 
when  near  opposition,  that  is,  about  two  months  in  the  year 
and  his  distance  at  opposition  varies  from  34,000,000  to  64,- 
000,000  miles  because  of  the  ellipticity  of  his  orbit,  so  that 
a  really  favorable  opportunity  to  observe  minute  details  oc- 
curs onlv  once  in  about  fifteen  vears.  Also,  it  is  necessarv 
for  such  observations  that  the  skj'  of  Mars  be  free  from 
clouds  over  immense  areas,  whole  continents  in  fact,  and  we 
can  judge  from  terrestrial  analogy  that  such  a  condition 
would  be  rare. 

Several  ingenious  theories  have  been  suggested  to  account 
for  the  canals.  We  can  hardlv  admit  that  thev  are  artificial 
canals  constructed  by  the  inhabitants.  Their  great  width 
of  seventy  miles  or  more  would  prohibit  that  hypothesis, 
altfaougfa  we  may  suppose,  with  Proctor,  those  inhabitants 
to  be  of  gigantic  stature.    Mr.  Proctor  suggested  (M.  iV. 
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xlyiii,  p.  307),  that  they  might  be  rivers,  the  duplication  be- 
ing a  diffraction  efiFect,  when  mists  hang  over  the  river  bed, 
but  in  doing  so  seemed  to  ignore  their  most  characteristic 
features,  their  straightness,  their  frequent  intersections,  and 
the  fact  that  they  connect  the  seas,  running  from  one  to 
the  other,  and  that  the  duplication  is  not  the  separation  of 
the  old  canal,  but  the  formation  of  a  new  one  on  one  or  the 
other  side  of  the  first. 

M.  Fizeau,  the  eminent  physicist  of  Paris,  explains  them 
by  the  analogy  of  rifts  in  glaciers  and  considers  the  w^hole 
planet  involved  in  a  glacial  epoch.  He  is  led  to  this  hypoth- 
esis by  the  presence  of  the  dark  canal  in  the  north  polar 
cap.  Dr.  Terby,  of  the  observatory  of  Louvain,  thinks  this 
would  necessitate  a  greater  movement  in  the  system  of 
canals  than  has  been  observed.  He  finds  no  evidence  of 
any  change  since  they  were  discovered.  Dr.  Penard,  a  physi- 
ci  >t  of  Geneva,  suggests  that  the  canals  are  immense  fissures 
in  the  crust  of  Mars  through  which  the  waters  flow  from 
ocean  to  ocean.  The  mass  of  Mars,  being  about  one-eighth 
that  of  the  earth,  has  cooled  off  more  rapidly,  producing 
great  fissures  in  the  crust  extending  to  a  very  great  depth. 
Another  writer  suggests  for  the  verj'  same  reason  that  the 
canals  are  ridges  or  wrinkles  in  the  crust,  or,  in  other  words, 
mountain  ranges.  There  are  serious  objections  to  each  ot 
these  and  we  are  still  far  from  a  satisfactory  explanation.  I 
am  rather  inclined  to  the  view  that  these  markings  are  in 
part,  at  least,  rivers  and  chains  of  lakes,  that  the  continents 
are  low  and  flat  and  subject  to  extensive  inundations  at 
certain  seasons  of  the  Martial  year.  It  seems  possible  in 
this  way  to  account  for  the  variatio  is  noticed  in  many  of 
the  markings  and  there  appears  to  be  no  inconsistency  in 
supposing  evaporation  and  precipitation  to  be  more  rapid 
and  abundant  on  Mars  than  upon  the  earth,  because  of  the 
smaller  force  of  gravit}'. 

In  Mav  last  Professor  Perrotin  announced  that  a  whole 
continent  on  Mars,  as  large  as  France,  had  disappeared,  be- 
inginundated  by  the  neighboring  sea.  This  continent,  Libya, 
is  well  situated  to  be  subject  to  floods,  being  surrounded  on 
three  sides  by  seas  and  a  gulf,  and  on  the  other  side  by 
canals  and  a  lake.  Later  the  land  partially  reappeared,  but 
was  surrounded  bv  much  wider  dark  bands.    Notice  on  the 
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drawing  by  Schiaparelli  the  darker  tint  of  this  land  as  if  the 
water  had  not  yet  all  receded. 

The  next  two  oppositions  of  Mai*s  in  1890  and  1892  will 
be  very  favorable  for  observation,  and  it  is  to  be  hoped  that 
the  giant  telescopes  as  well  as  the  little  ones,  will  then  be  ap- 
plied systematically  to  the  solution  of  the  enigma  of  Mars. 
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A.  A.  COMMON. 


It  is  not  many  years  since  the  idea  of  photographing  such 
objects  as  nebulae  would  have  been  considered  impossible, 
more  particularly  by  those  who  know  most  about  the  sub- 
ject. Sir  John  Herschel,  in  the  correspondence  which  took 
place  about  the  making  of  a  large  telescope  for  the  Southern 
Hemisphere,  which  resulted  in  the  4-foot  reflector  at  Mel- 
bourne, expressed  his  opinion  that  photograph^'  might  be 
used  for  getting  the  positions  of  stars  near  nebulae,  in  order 
to  assist  their  delineation  b\'  hand;  but  even  he,  whose 
knowledge  of  the  nebulae  and  of  the  powers  of  photography 
was  so  great,  does  not  seem  to  have  indulged  in  the  hope 
that  they  would  ever  be  photographed  directly,  possibly  be- 
cause he  knew  the  great  difficulties  involved ;  indeed  many 
years  before,  one  who  knew  less  about  nebulae  or  photog- 
raphy (at  that  time  quite  a  new  art)  had,  with  the  confidence 
of  half-knowledge,  expressed  quite  a  different  opinion.  This 
man  was  Dr.  Dick  (whose  charming  works  are  not  held  in 
such  repute  as  the\'  deserve,  or,  at  any  rate,  do  not  seem  to 
be  read  as  the\'  ought  to  be),  who  said,  as  earh-  as  1845,  just 
afterthe  advent  of  daguerreotN'^pe:  **Nor  is  it  impossible  that 
the  planets  Mars,  Venus,  Jupiter,  and  Saturn  may  be  deline- 
ated in  this  wa}',  and  objects  discovered  which  cannot  be 
discerned  by  means  of  the  telescope.  It  might  be  perhaps 
considered  as  beyond  the  bounds  of  probability  to  expect 
that  even  distant  nebulae  might  thus  be  fixed  and  a  delinea- 
tion of  their  objects  produced,  which  shall  be  capable  of 
being  magnified  by  microscope.  But  we  ought  to  consider 
that  the  art  is  yet  only  in  its  infancy — that  plates  of  a  moYe 
delicate  nature  than  those  hitherto  used  ma\'  \'et  be  pre- 
pared, and  that  other  pro]>erties  of  light  may  yet  be  dis- 
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covered  which  shall  facilitate  such  designs.  For  we  ought 
now  to  see  no  boundaries  to  the  discoveries  of  science,  and 
to  the  practical  applications  of  scientific  discovery  which 
genius  and  art  maj'  accomplish."  This  was  a  long  look 
ahead  at  the  time ;  but  all  that  Dr.  Dick  imagined  as  pos- 
sible has  since  been  done. 

What  may  be  done,  or,  rather,  what  will  be  done  as  better 
processes  come  to  the  front  it  is  impossible  to  say,  nor  do  I 
wish  to  discuss  this  aspect  of  the  question  in  this  short  note, 
but  rather  to  deal  with  what  has  been  shown  to  be  quite 
possible,  and  to  make  some  remarks  on  what  has  been  re- 
cently done,  particularly  by  the  MM.  Henry  and  Herr  von 
Gothard ;  and  my  excuse  for  doing  so  is  that  so  little  seems  to 
be  known  as  to  what  can  and  what  cannot  be  done  of  a 
useful  character  in  this  department  of  astronomical  photog- 
raphy, that  discussion  of  the  subject  seems  to  be  necessar3\ 
The  photographing  of  nebulae  is  remarkable  as  being  almost 
the  only  actually  modem  achievement  of  photogi-aphy ;  all 
else  we  can  do  now  could  be  done  in  some  form  or  other 
soon  after  the  first  application  of  photography  to  as» 
tronomy.  It  is  true  that  the  pictures  of  stars  cc»uld  not  be 
taken  as  quicklj'  then  as  thcN'  can  now ;  but  stars  could  be 
be  taken;  while  all  attempts  to  photograph  comets  or 
nebulae  failed  or  were  not  persevered  in  through  the  ap- 
parently hopeless  nature  of  the  attempt.  We  are  now  en- 
abled to  get  pictures  of  the  nebulae  that  are  certainly  far 
superior  to  any  drawings,  and,  what  is  of  immense  import- 
ance, with  instruments  of  ordinary  or  moderate  size. 

In  the  practical  work  of  photographing  the  nebulae,  whose 
light,  as  a  rule,  is  so  very  feeble,  the  aim  has  been  to  collect, 
as  much  as  possible  on  the  plate;  and  in  order  to  do  this 
the  telescope  with  the  smallest  ratio  of  focal  length  to  aper- 
ture has  been  used,  as  giving  the  greatest  amount  of  light 
on  the  least  surface;  and  if  the  image  produced  on  the  sensi- 
tive film  were  made  up  of  particles  so  small  as  not  to  afiFect 
the  shape  of  the  image,  it  would  matter  little  what  the  size 
of  that  aperture  was.  But,  as  it  is  well  known,  the  parti- 
cles of  silver,  that  gather  together  to  form  the  image  have  a 
sensible  size,  and  by  an  appearance  similar  to  stippling  or 
mezzotint  produce  a  picture.  When  this  picture  is  small 
compared  to  the  particles  of  silver  that  form  it,  detail  is 
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lost ;  and  thus  the  absolute  scale  of  the  picture  is  a  matter 
of  importance. 

How  far  processes  will  be  improved  in  the  direction  of  re- 
ducing the  size  of  the  silver  particles  and  giving  a  perfection 
to  the  image  that  at  present  it  has  not,  it  is  not  possible  to 
say,  though  there  is  a  promise  of  improvement  in  this  direc- 
tion without  loss  of  sensitiveness. 

Pending  such  a  solution  of  the  diflScult^,  it  is  of  interest  to 
consider  at  the  present  time  what  size  of  image  can  be  util- 
ized— in  other  words,  what  is  the  least  aperture  that  can  be 
usefully  employed  in  taking  photographs  of  the  nebula.  As 
in  all  such  discussions  one  ounce  of  practice  is  worth  a  great 
weight  of  theory,  it  is  most  satisfactory  to  appeal  at  once 
to  fact  and  experience. 

lyr,  H.  C.  Vogel,  of  Potsdam,  gives,  in  No.  2854  of  the 
*  Astronomische  Nachrichten,*  a  very  important  note  on  the 
recent  work  of  Herr  von  Gothard  in  photographing  nebulae 
with  a  10-in.  reflector,  with  some  drawings  that  show  in  a 
most  unmistakable  manner  with  what  effect  telescopes  of 
this  aperture  can  be  used. 

In  this  paper  Dr.  Vogel  expresses  an  opinion  that  the  pho- 
tographs of  Her  von  Gothard  taken  with  his  comparatively 
small  instrument  show  results  which  far  surpass  any  ob- 
tained by  eye  observation  with  the  largest  telescope.  He 
mentions  the  fact  that  Herr  von  Gothard  some  few  vears 
ago  discovered  by  photography  a  small  star  within  the 
ring-nebula  in  Lyra,  only  a  few  uncertain  observations  of 
this  star  having  been  previously  made,  and  describes  its  con- 
tinued appearance  on  the  photographic  pla  te  though  m vis- 
ible in  the  largest  refractors;  although  I  think  that  there  is 
some  slight  mistake  here,  as  the  star  has  always  been  visible 
with  sufficient  optical  power,  still  the  fact  of  getting  this 
star  so  plainly  pictured  is  not  less  important.  We  are  not, 
however,  concerned  with  this,  but  with  the  work  illustrated 
and  described  by  Dr.  Vogel.  Six  well-known  nebulae  are  il- 
lustrated on  a  larger  scale  by  drawings  made  from  the  pho- 
tographs, and  these  can,  in  most  cases,  be  compared  with 
existing  drawings,  and  the  value  of  those  photographic 
pictures  properly  estimated.  As  it  happens  I  can  speak, 
with  some  degree  of  confidence,  as  to  one  of  these. 

This,  the  spiral  nebula  in  Canes  Venatici  (G.  Catalogue 
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3572),  is  a  nebula  that  is  most  peculiarly  fitted  to  deceive 
the  eye  by  the  shape  of  the  outlying  parts ;  hence  the  great 
difference  in  the  various  published  'drawings. 

In  the  course  of  1883  I  took,  with  about  thirty  minutes 
exposure,  a  photograph  of  this  nebula  with  a  3-foot  aper- 
ture, and  got  a  picture  somewhat  similar  to  that  obtained , 
by  Herr  von  Gothard,  but  with  less  detail;  I  made  at  the 
time  an  examination  of  most  of  the  drawings  mentioned  by 
Dr.  Vogel,  and  can  quite  bear  him  out  in  all  he  says  as  to 
the  different  ways  in  which  they  show  this  nebula.  A  point 
of  great  interest  comes  out  on  examining  these  photographs 
mentioned  by  Dr.  Vogel — ^that  is,  the  peculiar  aspect  of 
the  knotted  parts  of  the  nebula,  that  look  almost  like 
stars,  but  have  quite  a  different  character;  but  a  de- 
scription of  a  photograph  is  almost  impossible,  and  to 
compare  the  drawings  with  it  is  the  only  proper  way  to  get 
a  correct  idea  of  the  respective  values. 

During  the  past  year  MM.  Henry  at  Paris  have  taken  a 
picture  of  the  Pleiades  that  brings  some  most  important  fea- 
tures to  light,  showing  that  this  group  of  stars  is  in  a  mass 
of  nebula.  .  This  has  been  suspected  by  many  observers  from 
time  to  time,  but  no  one  had  been  able  to  localize  any  of  the 
brighter  parts  that  have  since  been  shown  by  photography, 
except  perhaps  an  observation  made  with  a  3-foot  in  1880, 
that  showed  two  or  three  of  the  brighter  portions  that  have 
since  been  shown  so  beautifially  on  the  photographs  of  the 
Brothers  Henry ;  on  these  latter  plates  not  only  were  these 
and  other  masses  more  or  less  intense  practically  discovered, 
but  the  positions  of  exceedingly  small  stars  are  given  in  a 
way  that  cannot  be  attempted  by  observation  or  measure- 
ment in  the  ordinary  methods— stars  that  are  far  too  faint  to 
be  visible  except  in  thelargest  telescopes,  and  even  with  these 
not  susceptible  of  accurate  measurement.  In  this  particular 
case  I  had  some  years  ago  observed  several  exceedingly  faint 
stars  near  Alcyone  that  were  just  visible  with  a  3-foot  re- 
flector, and  all  of  these,  with  one  exception,  are  shown  on 
the  photograph  referred  to,  taken  with  a  photographic 
telescope  of  13  inches  aperture. 

Similar  photographs  of  the  Pleiades  have  also  been  taken 
by  Mr.  Roberts,  near  Liverpool,  that  show  almost  as  much 
as  the  photographs  of  the  MM.  Henry ;  but  if  one  can  judge 
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by  a  comparison  of  the  beautiful  engraving  of  the  photo- 
graphs taken  at  Paris,  with  the  paper  tints  of  those  taken 
b^'  Mr.  Roberts,  with  less  distinctness,  particularly  as  to  the 
peculiar  line  of  light,  or  rather  lines  of  light  so  well  marked 
in  the  Paris  photographs.  The  work  of  Mr.  Roberts  was 
done  with  an  18-inch  silvered  glass  reflector,  and  with  a 
shorter  exposure  than  in  the  other  cases. 

In  the  case  of  the  photographs  of  Herr  von  Got  hard,  the 
exposure  was  necessarily  extended  to  over  two  hours,  and 
in  the  case  of  the  Henrys'  photograph  to  four  hours;  but 
length  of  exposure  is  of  minor  importance  when  we  know 
that  once  the  photograph  is  secured  it  is  an  actual  represen- 
tation that. can  be  afterwards  dealt  with  at  leisure  and 
measured,  giving  then  all  the  results  that  can  be  obtained 
by  eye  with  an  instrument  far  more  powerful  than  that  era- 
ployed.  The  use  of  large  telescopes  will  always  be  in  such 
work  of  great  value,  no  matter  how  processes  may  be  im- 
proved upon,  as  the  advantage  will  still  be  with  them,  when 
minute  details  of  structure  possibly  hitherto  unsuspected  will 
be  brought  out ;  but  even  at  the  present  time  we  can  see  from 
the  work  that  has  already  been  done  that  we  need  not  look 
to  these  large  telescopes  alone;  and  as  the  number  of  known 
nebulae  is  alread3'  so  great,  there  is  an  amount  of  work  to  be 
done  that  will  occupy  any  possible  number  of  observers  for 
many  years  if  only  in  getting  impressions  on  such  a  scale  as 
those  obtained  by  Herr  von  Gothard:  improvement  may 
come  afterwards ;  but  improvement  can  only  follow  actual 
work  done. 

The  work  of  Herr  von  Gothard  is  a  solid  contribution  to 
our  practical  knowledge  of  nebular  photography,  and  goes 
a  long  way  towards  settling  the  capabilities  of  a  certain 
aperture.  Many  other  questions  remain,  and  it  is  to  be 
hoped  that  observers,  encouraged  by  the  remarkable  success 
of  Herr  von  Gothard,  will  do  what  they  can  by  actual  ex- 
periment with  the  means  at  their  disposal,  whatever  those 
means  are,  to  throw  more  light  on  this  most  interesting 
subject. 

How  far  the  great  expense  of  large  instruments  and  the 
increaded  difficulty  of  working  them  are  compensated  by  the 
larger  scale  on  which  the  photographs  will  l^e  obtained; 
how  far  it  will  be  advisable  to  increase  the  focal  length  of 
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moderate  apertures  to  get  a  larger  scale  at  the  expense  of 
longer  exposure;  to  what  extent  it  is  advisable  to  go  in  the 
other  direction  and  increase  the  aperture  beyond  what  is 
usual  even  now;  how  much  will  be  gained  by  the  use  of 
orthochromatic  plates  or  of  special  plates  for  special 
nebulae;  what  is  the  best  kind  of  clock  to  employ  and  the 
best  means  of  giving  intermittent  exposures, — all  these  and 
many  other  questions  will  come  up  for  discussion  next  year 
when  those  interested  will  meet  for  that  purpose.  A  good 
deal  is  becoming  known,  it  is  true;  but  many  no  doubt 
thought  that  10  inches  was  much  too  small  an  aperture  to 
attempt  serious  work,  and  in  the  same  way  there  may  be 
wrong  ideas  as  to  the  insufficiency  of  their  means  preventing 
men  joining  in  this  work.  With  Herr  von  Gothard's  ex- 
ample before  them  they  should  accept  nothing  till  it  is  put 
to  the  proof  of  experiment,  and  by  this  mean  we  should 
soon  have  a  fair  knowledge  not  only  of  what  can  be  done, 
but  of  (what  is  almost  equally  important  if  it  has  been 
proved)  what  cannot  be  done. — Observatory, 
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THE  PLANETS. 


Mercurv  mav  be  seen  in  the  southwest,  about  an  hour 
after  sunset,  for  about  ten  days  in  the  latter  part  of  Jan- 
uary and  first  of  February.  He  will  be  at  greatest  elonga- 
tion east  from  the  sun,  18°22^  Jan.  30,  at  a  greater  brill- 
iancy the  next  day;  in  perihelion  Feb.  2,  in  conjunction  with 
the  moon,  4°14'  north,  Feb.  1,  10:38  a.  m.,  and  at  inferior 
conjunction  with  the  sun,  3°29'  north,  Feb.  14,  6:58  p.  m. 

Venus  will  cross  the  First  Meridian  and  the  equator  on 
Feb.  1,  passing  through  the  constellation  of  Pisces.  No  one 
can  fail  to  recognize  her  in  the  early  evening,  as  the  most 
conspicuous  object  in  the  whole  sky,  excepting  the  moon. 
Her  disc  is  slightly  gibbous,  the  illuminated  part  of  the 
equatorial  diameter  being  0.661  on  Jan.  16  and  0.530  on 
Feb.  15.  The  declination  and  consequently  the  altitude  of 
the  planet  when  near  the  meridian  is  rapidly  increasing, 
while  at  the  same  time  the  distance  from  the  earth  is  de- 
creasing, so  that  the  next  two  months  will  afford  excellent 
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opportunities  for  study  of  any  markings   which  may   be 
visible  on  the  planet's  surface. 

Mars  although  receding  ftom  the  earth  still  keeps  at 
nearly  the  same  apparent  distance  from  the  sun  so  that  he 
sets  at  nearly  the  same  time  ever\'  night,  a  little  after  8  p.  m. 
He  may  be  found  easily  among  the  faint  stars  of  Aquarius, 
about  half  wa3'  between  the  southern  edge  of  the  Square  of 
Pegasus  and  the  first  magnitude  star  Fomalhaut,  and  from 
five  to  fifteen  degrees  west  of  Venus. 

Jupiter  rises  from  two  to  three  hours  earlier  than  the  sun, 
but  at  such  a  low  declination  that  it  is  hardlv  worth  the 
while  for  northern  observers  to  attempt  any  observations  of 
his  surface  or  satellites. 

Saturn  will  be  at  opposition  to  the  sun  Feb.  4  so  that  the 
two  months  of  January  and  February  will  be  the  best,  so 
far  as  position  is  concerned,  for  observations  of  that  planet. 
To  find  Saturn  in  January'  at  8  p.  m.  look  toward  the  east 
and  a  little  to  the  north ;  the  brightest  star  near  the  horizon 
is  Saturn.  Above  him,  half  way  or  more  to  the  zenith  one 
will  recognize  the  two  stars  of  The  Twins,  Castor  and 
Pollux;  to  the  right  from  them  another  pair,  one  star 
brighter  than  the  other,  Procyon  and  his  comrade  in  the 
Little  Dog;  still  farther  to  the  right  another  similar  pair, 
one  of  which  is  the  magnificent  Sirius  the  brightest  of  all  the 
starry  host ;  and  to  the  right  and  north  of  these,  that  most 
splendid  of  all  constellations,  Orion.  A  little  later  the 
Sickle  of  the  constellation  of  Leo  will  be  seen  above  the 
eastern  horizon  and  Saturn  may  be  recognized  as  the  j'ellow 
star  just  above  th  eSickle  about  equidistant  from  its  extrem- 
ities. 

Uranus  may  be  found  after  midnight  in  the  constellation 
of  Virgo  about  3°  north  of  Spica  almost  on  a  line  between 
Spica  and  C  Virginis. 

Neptune  is  about  5^  south  and  a  little  east  of  the  Pleiades 
ivhich  are  on  the  meridian  at  half  past  eight  p.  m.  Jan.  15. 
There  are  but  two  or  three  stars  as  bright  as  Neptune  with- 
in a  radius  degree  or  more,  so  that  the  task  of  identifj'- 
ing  the  planet,  with  a  telescope  of  4  or  more  inches  aperture, 
provided  with  only  rough  circles,  will  not  be  very  great. 
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MBRCL'RY. 

K.  X. 

Decl.             Rises. 

Transits. 

Sets. 

h      m 

h      m 

h      m 

h     m 

Jan.  25.. 

21  43.6 

—14^26'     8  18  A.  M. 

1  22.6  P.  M. 

6  28  P.  M. 

30.. 

22  06.0 

—11  19      8  07     '* 

1  25.1     '* 

6  43     •• 

Feb.    4... 

22  16.0 

—  8  55      7  47    •* 

1  15.4    " 

6  44    " 

22.. 

22  10.1 

—  8  06      7  19    •' 

0  50.0    ** 

6  21     •* 

14.. 

.27  51.4 

—  9  03      6  44    " 
VENUS. 

0  116    '• 

5  39      * 

Jan.  25.. 

23  28.8 

—  3  50      9  19  A.  M. 

3  07.3  P.  M. 

8  55  P.  M. 

Feb.   4.. 

0  08.2 

-h   1  18      8  59    ♦' 

3  07.3    •* 

9  16    •* 

14.. 

0  45.6 

+  6  21      8  37    ** 

MARS. 

3  05.3    *' 

9  34    *• 

Jan.  25.. 

22  57.0 

—  7  36      9  02  A.  M. 

2  36.0  P.  M. 

8  09  p.  M. 

Feb.    4. 

23  25.6 

—  4  29      8  40    *' 

2  25.2    •• 

8  11    " 

14. 

23  53.7 

—  1  20      8  15    " 

JUPITER. 

2  13.7    '• 

8  12    *' 

Jan.  25. 

17  50.5 

—23  05      5  05  A.  M. 

9  29.8  A.  M. 

1  55  P.  M. 

Feb.    4. 

17  59.0 

—23  06      4  34    ♦• 

8  59.0    " 

1  24    '• 

14. 

18  06.9 

—23  06      4  02    '* 

SATURN. 

8  27.6    ** 

12  56    *' 

Jan.  25. 

9  22.2 

+  16  36     5  48  p.  M. 

12  59.1  A.  M. 

8   11   A.  M. 

Feb.    4. 

9  19.0 

-f  16  52     5  04    '• 

12  16.6    " 

7  29    '* 

14. 

9  15.8 

+17  07     4  20    '* 

URANUS. 

11  34.1    '* 

6  48    '* 

Jan.  25.. 

13  22.3 

-   7  59  11  27  P..M. 

4  58.5  A.  M. 

10  30  A.  M. 

Feb.    4. 

13  22.0 

-   7  57  10  47    •♦ 

4  19.0    *• 

9  51     ♦' 

14. 

13  21.5 

-   7  54  10  07    ** 

NEPTUNE. 

3  39.1     " 

9  11    *' 

Jan.  25. 

3  50.9 

+18  25  12  09  p.m. 

7  28.7  P.  M. 

2  48  A.  M. 

Feb.    4. 

3  50.8 

+18  25  11  28    " 

6  48.2    ** 

2  08    *• 

14. 

3  50.8 

+18  26   10  50    '♦ 

THE  SUN. 

6  09.9    " 

1  30    ** 

Jan.  20. 

20  12.7 

-19  57     7  30  a.  m. 

12   11.5  A.  M. 

4  53  P.  M. 

25. 

20  33.7 

-18  46     7  26    '* 

12  12.7    *• 

5  00    ** 

30. 

20  54.3 

-17  26      7  20    " 

12  13.6    ** 

5  07    ** 

Feb.    4. 

21  14.6 

-16  00     7  15    ** 

12  14.2    ** 

5  14     * 

9. 

21  34.6 

-14  25      7  08    •* 

12  14.5    *• 

5  21     " 

14.. 

21  54.2 

Occu] 

-12  45     7  01    " 

12  14.4    ** 
hington. 

5  28    *• 

[tations  Visible  at  Was 

IMMERSION. 

BMBRSION. 

jle  fm    Dura- 

Date. 

Name.             tude.      Mean  T.      N.  P't. 

Mean  T.        N. 

P't.        tlon. 

h     m                o 

h     m 

3            h     m 

Feb.    8 

/t*  Tauri 

4           13  20          42 

14  03           304          0  43 

8 

^=»  Tauri 

51^        13  45          76 

14  39           271          0  54 

11 

d  Geminorum  * 

6           11  07          69 

12  20           303          1  13 

14 

83  Cancri 

5Mi         4  38            6 

Star  0.7' N.  of  1 

noon's  limb. 

14 

8  Leonis 

5Vi       14  53          73 

15  46           333          0  52 

15 

37  Leonis 

5V<i          6  52        131 

7  49           2 
Central  ' 

56          0  56 

Phases  of  the  Moon. 

rime. 

d      h    m 

Full  Moon 

.Jan.  16  11  37 

P.  M. 

Last  Quarter 

.    *'    24     9  57 

P.  M. 

New  Moon 

.    •*    31     3  10 
.Feb.    7     2  58 

A.  M. 

First  Quarter 

P.  M. 

I 

^ull  Moon 

..    **    15    4  17 

P.  M. 
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Elongations  And  Conjunctions  of  Saturn's  Satellites. 

iCentral   Time;    B  =  Baatem  elongation,    H'=  Western   elongation,    S^ Superior 

coiUunction,  I  a  Inferior  cot\fanction.} 

JAPETUS. 

Jan.  29,    I  Feb.  17.    W 

TITAN.  . 
d      h                                          d     h  d      h 

Jan.  17,  8  A.  M.    I  Jan.  29.  6  a.  m.  E  Feb.  10,  4  a.  M.    S 

21.7  a.  If.    W  Feb.    2.  5  a.  if .  I  14.  3  a.  m.    E 

25.  6  A.  M.    S  6.  4  A.  M.  W 

RHEA, 
d      h  d     h  d     h 

Jan.  16. 10.2  a.  if.    E      Jan.  29. 11.0  p.  m.    E      Feb.  12,  11.8  a.  m.    E 
20. 10.5  p.  M.    E      Feb.    4. 11.3  a.  m.    E 
25, 10.8  A.  M.    E  7,  11.7  P.  M.    E 

DIONE. 

d         h  d         h  .  d  h 

Jan.  16.    5.4  a.  m.    E      Jan.  27.    3.9  a.  m.  E       Feb.  7,  2.4  a.  m.    E 

lb.  11.0  p.  M.    E  29.    9.5  p.  M.  E  9,  8.0  p.  ic.    E 

21.  4.6  p.m.    E      Feb.    1.    3.1p.m.  E  12.  1.6  p.m.    E 

24. 10.2  A.  M.    E  4.    8.7  A.  M.    E  15,    7.2  A.  M.    E 

TETHYS. 

d        h                                          d       h  d       h 

Jan.  16.    9.2  a.  m.    E      Jan.  27.    4.9  p.  m.  E  Feb.    8, 12.5  a.  m.  E 

18.    6.5  A.  M.    E                29.    2.1  P.  M.  E  9,    9.8  p.  m.  E 

20,    3.8  a.m.    E               31.11.4  a.m.  E  11,    7.1p.m.  E 

22.  l.l  A.  M.    E      Feb.    2.    8.7  a.  m.  E  13,    4.3  p.  m.  E 

23. 10.3  p.  M.    E  4.    6.0  a.  m.    E  15.    1.6  p.  M.    E 
25.    7.6  p.  M.    E                 6.    3.2  a.  m.    E 

A  Partial  Eclipse  of  the  Moon  will  occur  on  Jan.  16, 1889. 
It  wll  be  visible  in  the  United  States  and  generally  in  Eu- 
rope, Africa,  North  and  South  America,  and  the  Atlantic  and 
Pacific  Oceans.    The  following  are  th^imes  of  the  phases : 

Wa«hin^on  Mean  Time.  Central  Time, 

d      h   m  d      h    m 

Moon  enters  penumbra Jan.  16,  9  29.3  Jan.  16,  8  37.5  p.  m. 

Moon  enters  shadow 10  50.0  9  58.2  p.  m. 

Middle  of  eclipse 12  21.5  11  29.7  p.  m. 

Moon  leaves  shadow 13  53.0  17,   101.2a.m. 

Moon  leaves  penumbra 15  13.5  *    2  21.7  a.  m. 

The  magnitude  of  the  eclip.se,  or  the  portion  of  the  disc 
covered,  will  be  0.702.  First  contact  of  the  shadow  with 
the  edge  of  the  moon  will  occur  at  a  point  133.3°  east  from 
the  north  point  of  the  disc  and  last  contact  at  a  point 
122.0°  west  from  the  north  point  of  the  moon's  disc. 

Instructions  for  the  January  Eclipse,  Professor  David  P. 
Todd,  Director  of  the  Amherst  College  Observatory,  also 
prepared  a  pamphlet  of  instructions  for  those  intending  to 
observe  the  total  eclipse  of  January  1.  The  proof  sheets 
have  been  received.  The  details  of  these  instructions  have 
been  carefully  worked  out,  and  will  prove  helpful  to  persons 
availing  themselves  of  them. 
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Ephemeris  of  Comet  e  1888  {Barnard).    The  following 
ephemeris  is  taken  from  A,  A'.,  No.  2867 : 

18H9      a  app.  app.  log.  r        log.  J         L. 

h     m  o      ' 

Jan.    1     17  40  —7  1«.4 
2    15  4H  7  i:j.2 

8    14     2  7     9.9 

4    12  20  7     0.5       0.2f)04       0.208:J       5.0 


i( 

4t 


5  10  42  7  8.0 

0  9  9  (>  59.8 

7  7  40  0  55.0 

8  G  14  0  51.8   0.2044   0.2850   4.0 

9  4  52  0  47.9 
"10  8  88  0  48.9 

*  11  2  18  0  89.8 

12  10  —0  85.8        0.2020        0.8058        4.2 


%i 


a 


Ephemeris  of  Fayt's  Comet  1888  IV.  The  following 
ephemeris  is  also  found  in  A.  N.,  No.  2867,  and  for  the 
month  of  January,  computed  by  E.  Lamp: 

1889       « app.  *5app.          log-'*          log.  j           L. 

h    m    8  °     ' 

Jan.    18     1     5  +0  10.2 

*'      8    7  59  28  0  10.9       0.8880       0.0890        1.07 


n 
tt 
ii 
ii 
i» 


7  50  0  0  15.8  0.8872  0.0927  1.02 

11  52  40  0  25.0  0.3414  0.0970  1.50 

15  49  10  0  88.2  0.8455  0.1020  1.49 

19  45  59  0  55.8  0.8497  0.1095  1.42 

28  42  52  1  15.0  0.8588  0.1170  1.84 

27  89  59  1  88.8  0.8580  0.1207  1.20 

81  37  25  +2  4.1  0.8621  0.1807  1.18 


Comt  /'1888  (Banmrd).  We  have  not  received  the  ephem- 
emeris  of  Comet  /"fOT  January,  1889,  and  hence  can  only 
give  the  last  ten  days  of  December,  as  follows : 


1888. 

a  app. 
h   m  K 

ft  app. 

o  / 

log.r 

log.  J 

L. 

Dec.  22 

10  20  54 

—1  85.8 

0.8100 

0.1684 

0.92 

*  58 

2(>  58 

1  10.0 

-  24 

20  50 

0  44.2 

*  25 

20  45 

—0  18.0 

''  20 

2(J  80 

-fO  8  7 

0.8170 

0.1577 

0.91 

.i  27 

2(>  20 

0  85.7  * 

'*  28 

20  14 

1  8.2 

*  29 

20  0 

1  31.1 

'*  80 

25  48 

1  59.0 

0.8251 

0.1527 

0.90 

**  81 

10  25  24 

+2  28.0 

, 

The  Discovery  of  the  Planet  Uranus.  [The  Philosophical 
Transactions  for  1781  contains  a  letter  from  Sir  William 
Herschel  announcing  the  discovery  of  a  comet  [Uranws], 
and  as  that  volume  is  not  within  reach  of  hundreds  of 
the  readers  of  The  Sidereal  Messenger,  I  have  thought 
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that  extracts  from  Herschers  letter  would  be  interesting  to 
those  readers.]  h.  p.  t. 

ACCOUNT  OF  A  COMET   BY   MR.   HERiHTHEL,    F.   R.   S.,   READ  APRIL  26,    1781. 

"On  Tuesday,  the  13th  of  March,  between  ten  and  eleven 
in  the  evening,  while  I  was  examining  the  small  stars  in  the 
neighborhood  of  H  Geminorum,  I  perceived  one  that  ap- 
peared visibly  larger  than  the  rest ;  being  struck  with  its  un- 
common ma^^nitude,  I  compared  it  to  H  Geminorum  and  the 
small  star  in  the  quartile  between  Auriga  and  Gemini,  and 
finding  it  so  much  larger  than  either  of  them,  suspected  it 
to  be  a  comet. 

"  I  was  then  engaged  in  a  series  of  observations  on  the 
parallax  of  the  fixed  stars  which  I  hope  soon  to  have  the 
honour  of  laying  before  the  Royal  Society ;  and  those  obser- 
vations requiring  very  high  powers,  I  had  at  hand  the 
several  magnifyers  of  227,  460,  932,  1536,  2010.  etc.,  all  of 
which  I  have  successfully  used  upon  that  occasion.  The 
power  I  had  on  when  I  first  saw  the  comet  was  227.  From 
experience  I  knew  that  the  diameters  of  the  fixed  stars  are 
not  propotionally  magnified  with  the  high  powers  as  the 
planets  are;  therefore  I  put  on  the  powers  of  460  and  932, 
and  found  the  diameter  of  the  comet  increased  in  propor- 
tion to  the  power,  as  it  ought  to  be,  on  the  supposition  of 
its  not  being  a  fixed  star,  while  the  diameters  of  the  stars  to 
which'I  compared  it  were  not  increased  in  the  same  ratio. 
Moreover,  the  comet  l)eing  magnified  much  beyond  what  its 
light  would  admit  of,  appeared  hazy  and  ill  defined  with 
these  great  |K)wers,  while  the  stars  preserved  that  luster 
and  distinctness  which  from  many  thousand  observations  I 
knew  they  would  retain.  The  sequel  has  shown  that  my 
surmises  were  well  founded,  this  proving  to  be  the  comet  we 
have  lately  observed. 

**  I  have  reduced  all  my  observations  upon  this  comet  to 
the  following  tables:  The  first  contains  the  measures  of 
the  gradual  increase  of  the  comet's  diameter.  The  microm- 
eters I  used,  when  every  circumstance  is  favorable,  will 
measure  extremely  small  angles,  such  as  do  not  exceed  a 
few  seconds,  true  to  6,  8,  or  10  thirds  at  most ;  and  in  the 
worst  situations  true  to  20  or  30  thirds;  I  have  therefore 
given  the  measures  of  the  comet's  diameter  to  seconds  and 
thirds.   And  the  parts  of  my  micrometer  being  thus  reduced, 
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I  have  also  given  all  the  rest  of  the  measures  in  the  same 
manner;  though  in  large  distances,  such  as  one,  two,  or 
three  minutes,  so  great  an  exactness,  for  several  reasons,  is 
not  pretended  to,"  •  *  "  [Then  follow  Herschel's  measure- 
ments of  the  "comet's"  diameter  and  remarks  on  the 
physical  appearance  of  the  "comet."] 

"  March  19.  The  comet's  motion  is  at  present  21-4  seconds 
per  hour.  It  moves  according  to  the  order  of  the  signs, 
and  its  orbit  declines  but  little  from  the  ecliptic. 

■•  March  25.  The  apparent  motion  of  the  comet  is  ac- 
celerating, and  its  apparent  diameter  seems  to  be  increasing. 

"Marvb  28.  The  diameter  is  certainly  increased,  from 
which  we  may  conclude  that  the  comet  approaches  to  us. 

"  Apri!  6.  With  a  magnityiiig  power  of  278  times  the 
comet  appeared  perfectly  sharp  upon  the  edges,  and  ex- 
tremely well  defined,  without  the  least  appearance  of  beard 
or  tail."  •  "  •  [Here  follow  a  page  of  "remarks  on  the 
path  of  the  comet."  and  several  pages  of  diagrams  of 
stars  in  the  vicinity  of  the  "comet,"  About  this  time  Dr. 
Maskelyne.  astronomer  royal,  began  observations  of  the 
"comet"  and  Herschel  appears  to  have  dropped  the  matter 
until  the  following  Octolier.  In  the  mean  time  the  French 
astronomer  had  determined  the  true  nature  of  the  mvsteri- 
ous  body.] 


Queries  and  Answers.  12.  It  is  difficult  to  say  why  text- 
books on  Astronomy  do  not  more  generally  notice  the  fact, 
that  there  is  precession  in  the  declination  of  the  stars,  as 
well  as  in  right  ascension,  which  is  commonly  spoken  of.  In 
some  instances  we  presume  that  the  writers  leave  that  fart 
to  be  inferred  ft-om  statements  like  the  follow*ing;  Since  the 
position  of  ecliptic  among  the  stars  is  well-nigh  invariable 
the  latitude  of  the  stars  does  not  change,  but  the  dccUna- 
tion,  right  ascension  and  longitude  do  change. 

J.  ,\,  B.  thanks  the  Messexger  and  Mr.  Brennan  and  in 
return  gives  an  answer -to  question  1-t  in  November  number. 
"How  is  the  oft  repeated  statement  made  by  astronomers 
explained,  that  the  sun  attracts  a  comet,  and  at  the  same 
time  repels  it  to  form  its  tail?  How  can  the  sun  simultan- 
eously attract  and  repel  ? 


I 

i 
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Miss  Gierke  in  **  Astronomy  in  the  Nineteenth  Century,'* 
page  385,  says : 

**  It  is  perfectly  well  ascertained  that  the  energy  of  the  push  or  pull  pro- 
duced by  electricity  depends  (other  things  l>eing  the  same)  upon  the  surface 
of  the  body  acted  on ;  that  of  gravity  upon  the  mass.  The  efficacy  of  solar 
electrical  repulsion  relatively  to  solar  gravitational  attraction  grows, 
consccjuently,  as  the  size  of  the  particle  diminishes.  Make  this  small 
enough,  and  it  will  virtually  cease  to  gravitate,  and  will  imconditionally 
obey  the  impulse  to  recession. 

"This  principle  Tolluer  was  the  first  to  realize  in  its  application  to 
comets.  It  gives  the  key  tr>  their  con.uitution.  .\dmitting  (as  we  seem 
bound  to  do  I  that  the  sun  and  they  are  similarly  electrified,  their  more  sul> 
stantially  aggregated  parts  will  still  follow  the  solicitation  of  his  gravity, 
while  the  finely  divided  particles  escaping  from  them  will  simply,  by  reason 
of  their  minuteness,  fall  under  th^  sway  of  his  repellant  electric  p  )wer. 
They  will,  in  other  words,  form  "tails."  Xor  is  any  extravagant  assump- 
tion called  for  as  to  the  intensity  of  the  electrical  charge  concerned  in  ])ro- 
ducing  there  effects.  Tolluer,  in  fact,  showed  that  it  need  not  be  higher 
than  that  attributed  bv  the  l)est  authorities  to  the  terrestrial  surface." 


15.  If  a  ball  be  fired  from  a  zenith  pointing  gun  to  a 
great  height,  in  falling  it  will  strike  the  earth  to  the  \vest  of 
the  point  of  projection.  If  the  same  ball  be  dropped  from 
rest,  from  the  same  height,  it  \yill  fall  eastward  of  the 
vertical  at  the  point  of  starting.  In  the  former  case  the  ball 
will  reach  the  earth  twelve  times  as  far  to  the  west,  as,  in 
the  latter  case,  it  does  to  the  east.  The  following  equations 
show  this : 


2n 


r,  =         SS  S^^n  COS  <f. 
rj  =  —%S\   ^J    i7COS  V". 

In  which  ry  means  westerly  direction  of  deviation,  the 
minus  meaning  east,  ^,  force  gravity,  s,  greatest  height,  /i, 
angular  velocity  of  rotation  and  ^,  the  latitude  of  the  place. 
The  formula  are  perfectly  general  and  show  that  the  devia- 
tion of  bodies  falling  from  great  heights,  or  projected  up- 
ward and  falling,  would  not  deviate  at  all  from  the  vertical 
at  the  poles  of  the  earth. 

Comet  Fare.  We  learned  b\'  Science  Code  telegram  that 
Faj'e's  comet  was  observed  at  Nice,  Dec.  8.7119  in 

R.  A.  8A  12/72  81.3s. 
Decl.  +  2' 21'()2". 
This  comet  has  l^een  regularly  observed  at  Lick  Observa- 
tory. 
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EDITORIAL  NOTES. 


This  number  is  closed  a  few  days  earlier  than  usual,  in 
order  to  give  the  editor  an  opportunity  to  visit  California, 
and  observe  the  total  eclipse  of  the  sun,  which  occurs  Jan.  1, 

1889. 


It  is  believed  that  it  will  be  possible  to  give  a  pretty  full 
account  of  the  observations  of  the  total  eclipse  in  our  next 
issue,  though  it  will  be  too  early  for  best  information  or 
final  results  of  some  important  work  that  may  be  done. 


In  our  class  in  College  Astronomy  during  the  last  three 
months,  we  have  used  the  proof  sheets  of  Professor  C.  A. 
Young's  new  General  Astronomy  with  great  satisfaction. 
This  book  contains  550  pages  with  250  illustrations,  and 
will  be  ready  for  the  purchaser  in  complete  form  Jan.  1.  All 
teachers  of  astronomy  will  certainlv  be  interested  in  examin- 
ing this  new  book.     Its  introduction  price  is  $1.80. 


Professor  Holden's  pamplet  of  sugg'estions  for  observing 
the  total  eclipse  of  the  sun  Jan.  1,  is  a  very  useful  and  timely 
document.  He  deserves  the  thanks  of  the  multitude  of 
visitors,  home  and  foreign,  who  will  be  on  the  mountains 
and  the  Pacific  slope  to  observe  Luna's  dark  compliments 
for  the  New  Year's  Day  of  1889. 


New  Nebulas  by  Photography.  At  Harvard  College  Ob- 
servatory, new  nebulae  have  recently  been  detected  by  pho- 
tography. The  objective  of  the  instrument  employed  is 
called  a  photographic  doublet  instead  of  an  ordinary  photo- 
graphic objective.  The  advantages  of  the  doublet  are  in- 
crease of  field  and  of  angular  aperture,  and  these  give  about 
double  the  light  energy  for  the  sensitive  plate  over  that  of 
the  ordinary  photographic  objective.  The  time  of  exposure 
is  therefore  correspondingly  diminished.  This  is  a  great  ad- 
vantage in  photographing  objects  in  moonlight,  or  faint  ob- 
jects like  many  of  the  nebulae.  The  results  of  work  done  in 
this  way  are  determined  by  comparing  the  photographic 
plates  with  catalogues  of  nebulae  and  so  ascertaining  what 
objects  are  new. 
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Each  plate  is  laid  on  a  frame  inclined  at  an  angle  of  45°, 
and  the  light  of  the  sky  reflected  through  it  b^'  means  of  a 
horizontal  mirror.  Each  portion  of  the  plate  is  then  studied 
wnth  a  magnifjnng  glass,  and  the  co-ordinates  of  every  ob- 
ject resembling  a  nebula  are  measured.  The  approximate 
right  ascensions  and  declinations  of  these  objects  are  next 
determined  from  the  configuration  of  the  adjacent  stars  on 
the  charts  of  the  Durchmusterung,  which  are  on  the  same 
scale  of  two  centimeters  to  a  degree.  A  comparison  is  next 
made  of  all  the  objects  detected  on  any  of  the  plates.  The 
results  of  these  comparisons  are  tabulated  and  new  objects 
are  easily  known.  The  Batche  telescope  has  an  objective  of 
8  inches  aperture  and  44  inches  focal  length,  and  is  a  doub- 
let as  before  described.  Its  photographic  field  of  good  defi- 
nition is  seven  deg^rees  in  diameter,  though  each  plate  covers 
a  region  of  ten  degrees  square.  Trial  of  this  method  was 
made  of  the  region  of  the  sky  with  the  great  nebula  of  Orion 
as  a  center,  and  twelve  nebulae  were  found  that  were  proba- 
bly new.  This  is  most  encouraging  progfess  in  photog- 
raphy. It  looks  as  if  some  of  our  American  workers  wei^e 
rivaling  the  noble  skTIl  of  von  Gothard  and  the  Henry 
brothers. 


Comet  e  1888,  O.  C.  Wendell,  of  Harvard  College  Obser- 
vator\\  kindly  sent  the  ephemeris  of  comet  e  (Barnard)  for 
December,  to  the  Messenger,  rightly  addressed  and  in  time, 
but  the  letter  visited  one  or  more  of  the  other  numerous 
Northfields  in  the  United  States,  so  that  it  did  not  finallv 
reach  us  ih  time.  We  have  elsewhere  given  the  last  nine 
days  of  December  because  we  mail  so  much  earlier  than 
usual. 

We  take  great  pleasure  in  presenting  to  our  readers  a  cut 
and  description  of  the  new  Meridian  Circle,  recently  made 
by  Messrs.  Fauth  &  Co.  of  Washington,  D.  C,  for  Cincinnati 
Observatorv.  As  far  as  is  now  known  it  is  th«  finest  instru- 
ment  of  the  kind  of  American  make  in  this  country.  We 
shall  not  be  surprised  if  it  prove  equal  to  the  best  that  even 
distinguished  foreigners  can  produce.  Messrs.  Fauth  &  Co. 
are  to  be  congratulated  in  this  forward  and  diflicult  step  of 
undertaking  to  make  large,  fine  meridian  instruments. 
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The  Canals  of  Mars,  In  a  late  report  of  work  going  on 
at  the  Lick  Observatory,  Professor  Holden  says:  **The 
season-  for  making  observations  of  the  canals  of  Mars  was. 
in  April  and  May  of  this  year  (1888).  Owing  to  the  de- 
lays in  completing  the  Lick  Observatory  no  observations- 
could  be  made  here  until  July. 

*'  From  that  time  until  the  latter  pdrt  of  August  the  planet  was  diligently 
followed,  over  forty  careful  drawings  having  been  made.  These  drawings 
show  at  least  twenty-  of  the  principal  "canals,"  but  no  one  of  them  was 
seen  doubled.  The  submerged  "continent"  had  reappeared  also  and  was 
seen  by  us  here,  essentially  as  it  had  always  appeared  since  1877.  It  was 
most  unfortunate  that  the  Lick  telescope  could  not  be  used  for  this 
purpose  until  so  late  a  date;  but  it  has  shown  its  great  |X)wer  in  such  work 
by  following  the  fine  details  on  the  surface  two  months  later  than  other 
instruments,  and  it  has  conclusively  proved  that  whatever  ma\'  have  l>een 
the  condition  of  the  "continent"  previous  to  July,  it  was  certainh-  in  its 
normal  condition  from  that  time  onward  " 


Sere/2  Eclipses  in  one  Year,  In  one  of  the  t^xt  books  of 
astronomy  I  read  some  time  ago  that  the  greatest  number 
of  eclipses  that  ^ould  possibly  occur  in  one  year  is  seven,  and 
the  least  number  is  two ;  and  that  neither  happens  oftener 
than  twice  in  a  century.  # 

This  is  greatly  erroneous  as  regards  the  least  number ; 
two  eclipses  in  a  calendar  year  are  of  frequent  occurrence ;  it 
happens  three  or  four  times  in  every  18-year  period;  but 
seven  eclipses  in  one  calendar  year  are  of  very  rare  occur- 
rence. I  have  a  pretty  full  list  of  eclipses  for  the  past  one 
hundred  years,  and  I  greatly  doubt  if  there  has  been  a  year 
with  seven  eclipses  in  all  that  period. 

Perhaps  some  of  your  readers  may  feel  like  investigating 
and  letting  us  know  when  there  were  seven  eclipses  in  one 
year,  and  when  this  will  occur  again.  But  seven  eclipses  in 
a  year's  time  are  not  unfrequent.  In  Loomis's  Astronomy 
are  given  examples  illustrating  the  principle  in  connection 
with  the  18-year  period,  beginning  with  eclipses  in  1768-69, 
and  running  until  1894-96.  There  were  seven  eclipses  from 
Feb.  12,  1877  to  Feb.  1,  1978.  In  1894,  1895  and  1896 
occur  the  following : 

Date.  Bcllpfied.  Date.  Eclipsed. 

Sept.  15,  1S94 Moon.  Aug.  20.  1895 Sun. 

Sept.  29.  1894- Sun.  Sept.    4,  1895 Moon.      . 

Feb.   24.  1895 Sun.  Sept.  18,  1895 Sun. 

Mar.  n,  1895 Moon.  Feb.   13.  1896 Sun. 

Mar.  26,  1895 Sun.  Feb.   28,  l>i96 Moon. 
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Which  gives  us  the  following  remarkable  clusters  of  eclipses : 

Date.  Eel.  Date.  Eel. 

Sept.  15. 1894,  to  Sept.    4,  1895.. .7     Feb.  24,  1895,  to  Feb.   13,  1896.. ..7 
Sept.  29.  1894,  to  Sept.  18,  1869.. .7     Mar.  11,  1895,  to  Feb.   28,  1896.. ..7 

But  it  is  of  more  interest,  possibly,  to  remark  that  seven 
eclipses  in  a  \'ear*s  time  are  now  in  progress,  viz.: 

Date.  Eclipse.  Date.  Eelipse. 

Jtine28,  1S88 Moon.  Aiij?.    7,  1888 Sun. 

Feb.  11,  1888 Sun.  Jan.     1,  1889 Sun. 

July     9.  1888 Sun.  Jan.  16,  1889 Moon. 

July  22,  1888 Moon. 

St.  Louis,  Nov.  17,  1888.  .  F.  h.  burgess. 


Mr.  J.  E.  Gore,  Vice  President  of  the  Liveqiool  Astrono- 
mical society,  has  computed  the  orbits  of  two  binar\'  stars 
with  following  results : 

Struve,  2120: 

/'*  =  4.9729  +  0.0225  ( t— 1850.4)- 
Sec  (317^.20  —  ^0  =  0.44S4  /^ 
45  Geminorum,  ''-  165  : 

/.•  =  8.352 +  0.0093  (t— 1873.55)' 
Sec  (87^.90  —  ^0  =  0.346  /^ 

The  computed  and  observed  places  for  the  first  for  more 
than  100  years  compare  well.  Those  of  the  second  extend 
over  a  period  of  40  years. 

J.  E.  Gore's  Revised  Catalogue  of  Variable  Stars.  May 
12,  1884,  Mr.  Gore  read  a  paper  before  the  Royal  Irish 
Academy  under  the  title  of  **A  Catalogue  of  suspected 
variable  stars,''  which  contained  736  such  stars,  and  114 
pages  of  notes  and  observ'ations.  A  neat  two  page  map  of 
the  heavens  also  accompanied  that  paper  showing  the  dis- 
tribution of  the  known  and  the  suspected  variables.  The 
known  stars  were  printed  red,  the  suspected,  black,  the 
right  ascension  and  declination  of  each  being  read  easily  at 
sight. 

We  have  now  before  us  a  revised  catalogue  of  variable 
stars  b3''  the  same  author,  it  being  a  paper  read  before  the 
Irish  Academy-  Dec.  12,  1887.  It  is  thought  to  contain  all 
stars  now  certainly  known  to  vary  in  light,  including  re- 
cent discoveries  with  positions  brought  down  to  1890. 0. 
The  former  catalogue  contained  the  number,  name,  place 
for  1880,  change  of  magnitude  and  authority.      This  one 
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adds  maximum  and  minimum  of  magnitude  with  dates  for 
each,  mean  period  in  days,  color  and  sf>ectrum.  We  were 
not  before  aware  of  the  existence  of  this  important  paper. 
We  commend  it  to  our  readers. 


Wolsingham  Observatory,  Communications  intended  for 
Wolsingham  Observatory  should  hereafter  be  addressed 
Towlaw,  Darlington,  England.  The  site  of  the  new  Observ- 
atory .is  three  miles  northeast  of  the  old  one,  and  stands 
1,000  feet  above  the  sea.    T.  E.  Espin  is  in  charge. 


Asteroid  281,  The  following  circular  elements  of  Asteroid 
281  have  been  computed  from  the  very  simple  formulae  given 
by  Oppolzer  in  his  Lehrbuch^  vol.  i  (2d  ed.)  p.  447-452,  us- 
ing the  discovery  position  of  Oct.  81  and  a  Washington  ob- 
servation of  Nov.  3 : 

Epoch:  1888,  Oct.  31.5165  Gr.  m.  t. 

u=    3°24M  I 
Q  =  32  15  .8  >  True  equinox  of  epoch. 

7  =  10  18.8  ) 

fi  =  926".9 
log.  a  =  0.38864 

An  ephemeris  derived  from  these  elements  represents  the 
position  of  the  asteroid  on  Nov.  13  within  16s  in  right 
ascension  and  0'.2  in  declination.  w.  c.  w. 

In  query  No.  17  E.  W.  A.  asks,  "What  is  a  diah'tic  tele- 
scope?*' The  ordinary  meaning  of  that  phrase  is:  **An 
achromatic  telescope  in  which  the  colored  dispersion  pro- 
duced by  a  single  object  lens  of  crown  glass  is  corrected  by  a 
smaller  concave  lens,  or  combination  of  lenses,  of  high  dis- 
persive power,  placed  at  a  distance  in  the  narrower  part  of 
the  converging  cone  of  ra^'s,  usually  near  the  middle  of  the 
tube.*'  A  practical  article  entitled  ** Astronomical  Tele- 
scopes, Their  Object  Glasses  and  Reflectors,"  by  G.  D.  Hiscox, 
is  to  be  found  in  Nos.  581,  582  and  583  of  the  Scientific 
American  Supplement.  These  can  be  had  at  any  time  from 
the  publishers  of  that  paper.  No.  582  treats  upon  the  dial- 
yte,  and  gives  much  information  as  to  their  construction 
and  the  principles  involved.  ^\ 
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Our  readers  certainly  ought  to  enjoy  with  us  some  of  the 
racy ,  off-hand  good  things  of  one  of  our  royal  correspondents 
from  the  other  side  of  the  water.  The  other  day  we  had 
reason  to  believe  that  we  had  wrongly  addressed  a  letter  to 
our  genial  friend,  C.  Piazzi  Smyth,  or  had,  inadvertentlj-, 
done  some  other  equally  bad  thing,  and  so  we  asked  him 
about  it.  From  a  prompt  private  letter  we  take  part  of  his 
answer  as  follows:  **  But  we  are  strangely  in  the  dark  as 
to  addresses.  You  ask  me  in  your  postscript  touchingly 
*  Will  you  not  kindly  give  me  your  present  address.'  I  reph-, 
most  certainly  I  will.  *Clova,*  as  above,  is  the  name  of 
the  little  house  which  my  wife  and  I  inhabit  and  own. 
*Ripon'  is  the  name  of  the  little  town,  1,000  years  old  as  a 
manicipality,  but  only  numbering  as  yet  7,000  inhabitants, 
within  five  minutes  walk  of  whose  central  market  place  the 
above  little  house  of  Clova  is  situated,  and  is  vet  a  country- 
house  in  a  garden  and  green  field.  Within  all  Great  Britain 
there  is  not  another  town  of  the  same  name ;  so  that  for  all 
home  letters  *  Clova,  Ripon,'  is  quite  enough  post  office 
address.  But  for  those,  as  yourself,  beyond  the  seas  it  is 
necessary  that  you  should  add  thereto  **  England/*  So  you 
see  I  have  left  Scotland  as  well  as  retired  from  the  Astrono- 
mer Royalship  thereof.  You,  or  your  part,  do  not  give  me 
the  address  of  your  nearest  British  money-order-paying 
office.  Partly,  perhaps,  because  you  seem  over  generously  to 
imply,  that  because  it  turns  out  that  I  had  paid  subscrip- 
tions for  the  Royal  Observatory'  Edinburgh,  to  the  Sidereal 
Messenger  for  two  former  years,  3'ou  would  let  the  present 
year  go  free.  But  that  I  cannot  allow ;  I  have  therefore  just 
walked  into  Ripon  and  obtained  a  money  order  for  eight 
shillings  British  ($2  American,  I  suppose),  payable  to  you 
by  name,  but  at  no  nearer  post  office  than  St.  Paul,  Ramsey 
County,  Minnesota.  This  I  accordingly  enclose  and  I  hope 
you  will  be  able  to  negotiate  it  without  much  trouble. 
Your  last  number  I  have  sent  to  the  Roval  Observatory, 
Edinburgh,  and  if  you  will  kindly  send  the  next  one  there 
also,  you  will  have  accomplished  your  whole  duty.  I  may 
then  wait  to  see  if  mv  successor  is  as  fullv  aware,  as  I  have 
been,  of  the  great  advantage  of  being  **in  touch'*  with  the 
rising  American  Astronomers. 

I  am  more  bent  at  present  in  trying  to  complete  a  great 
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work  on  spectroscopy  than  any  thing  else,  if  health  and  life 
also  hold  out;  but  that  will  be  as  God  planned  from  the  be- 
ginning.   I  remain  still  admiring  your  excelsior  struggles.*' 

Queries,  18.  When  does  the  next  century  begin  ?  Wrong- 
ly answered  in  the  Scientific  American  recently. 

19.  W^hy  does  the  full  moon  run  high  in  winter  and  low 
in  summer  ? 

20.  There  is  daily  increase  in  the  right  ascension  and  the 
declination  of  the  stars.  It  is  irregular  in  both ;  is  it  period- 
ical in  one  or  both  ?  a.  b.  c. 

21.  What  are  the  properties  of  the  new  glass  that  make  it 
superior  to  the  old  ?  G.  h.  p. 

22.  Is  not  the  statement  in  the  text  books  on  astronomy 
that  sunlight  is  800,000  times  greater  than  full  moon-light 
manifestly  wrong?  Common  obseryation  would  saj'  that 
number  is  1,000  times  greater  than  it  should  be?  i.  c. 

23.  As  a  result  of  a  long  series  of  experiments  conducted 
with  the  utmost  skill  and  care,  Professor  Langley  estimates 
that  if  the  atmosphere  were  remoyed  from  the  earth  the  tem- 
perature of  the  soil  in  the  tropics,  under  a  vertical  sun  would 
be  reduced  far  below  zero,  probably  down  to  —  328  Fahr. 
On  page  123,  Professor  Loomis'  College  Astronomy  states 
that  the  extremes  of  temperature  on  the  moon  must  be  very 
violent.  During  the  period  of  the  sun's  shining  the  surface 
must  become  intensely  heated ;  and  during  the  next  fort- 
night the  cold  must  be  equally  severe.    Which  is  right  ?   f.  h. 

Where  the  Eclipse  Parties  Observe.  By  referring  to  our 
map  of  the  path  of  totality  of  the  eclipse,  published  in  the 
last  Messenger  those  interested  may  learn  the  location  of 
each  of  the  observing  parties,  so  far  as  we  know  them  at 
present. 

Dr.  Lewis  Swift,  near  Chico,  California.  He  will  observe 
for  intra-Mercurial  planets. 

Charles  S.  Rockwell,  of  Tarrytown,  New  York,  will  ob- 
serve at  some  point  in  California. 

The  Lick  Observatory  will  send  a  party  to  a  station  in 
Lake  County  in  charge  of  Mr.  Keeler.  Mr.  Keeler  will  use 
the  6-inch  equatorial  of  the  observatory  and  a  spectroscope 
(kindly  lent  for  the  occasion  from  the  apparatus  of  the 
Chabot  Observatory  by  Hon.  Fred  M.  Campbell)  for  the 


Editorial  Notes .  45 


purpose  of  testing  the  theory-  proposed  by  Professor  Has- 
tings of  Yale  College  to  account  for  the  phenomena  of  the 
solar  corona — namely,  that  it  is  chiefly  due  to  the  diffraction 
of  the  solar  rays  at  the  edge  of  the  moon.  Mr.  Barnard  of 
the  Obsen^atory,  will  have  entire  charge  of  the  photo- 
graphic observations  of  the  corona.  Mr.  Hill  of  the  Observ- 
atory, will  observe  the  contacts  and  assist  Mr.  Keeler.  Mr.  i 
Leuschner,  student  of  astronom}',  will  probably  make  pho- 
tometric observations  to  determine  the  relative  light  of  the 
corona  and  the  full  moon.  At  the  Lick  Obser\'atory  the 
eclipse  will  be  partial,  not  total.  The  contacts  will  be  ob- 
served bj'  Professor  Holden,  Mr.  Bumham  and  Mr.  Scha»- 
berle,  and  a  series  of  photographs  of  the  various  phase  swill 
be  made  with  the  photoheliograph. 

Under  the  enthusiastic  direction  of  Mr.  Burckhalter  of  the 
Chabot  Observatory  a  great  number  of  members  of  the 
Pacific  Coast  Association  of  Amateur  Photographers  intend 
to  photograph  the  corona.  If  the  day  is  fair  it  is  almost 
certain  that  the  plans  adopted  bj-  these  gentlemen  will  pro- 
duce extremely  valuable  results. 

•  A  party  from  Harvard  College  Observatory'  will  take  sta- 
tion at  Willows.  The  partj*  is  to  consist  of  Professor  W.  H. 
Pickering,  chief;  A.  L.  Rotch,  the  meteorologist;  Mr. Bailey, 
Mr.  King  and  Mr.  Black.  The  work  of  the  party  is  the  pho- 
tography and  photometr>'  of  the  corona. 

It  is  understood  that  Professor  Lewis  Swift,  Director  of 
the  Warner  Observatorj'  of  Rochester,  N.  Y.,  will  search  for 
intra-mercurial  planets  at  some  station  in  the  Sacramento 
VaUev. 

Professor  J.  P.  D.  John,  Director  of  the  De  Pauw  Observa- 
tory of  Greencastle,  Ind.,  with  his  assistant,  Dr.  W.  V. 
Brown,  will  probably  occup\'  a  station  somewhere  in  Butte 
or  Plumas  counties.  The  equipment  of  this  party  consists 
of  two  5-inch  telescopes,  an  almucanter,  etc. 

Professor  H.  S.  Pritchett,  Director  of  the  Observatory' 
of  Washington  University  of  St.  Louis,  Mo.,  proposes  to 
observe  the  eclipse  b\'  photograph^'  at  a  station  not  yet 
chosen. 

Mr.  Blinn  will  take  some  of  the  instruments  of  his  private- 
observatory  in  East  Oakland  to  a  station  at  or  near  Winne- 
mucca,  Nev. 
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In  Nevada,  also,  United  States  Surveyor  General  Irish, 
who  is  practiced  in  astronomy,  intends  to  make  observa- 
tions of  the  eclipse. 

Professor  W.  Upton  of  Brown  University,  Providence,  R. 
I.,  with  observers  from  Blue  Hill  will  seek  a  position  in 
Western  California  for  observation. 

A  party  of  observers  from  Carleton  College,  Northfield, 
.Minn.,  cosisting  of  Professors  Payne,  Pearson  and  Wilson 
will  probably  observe  the  eclipse  either  in  western  Nevada 
or  at  Chico,  California.  Their  instruments  are  a  6-inch  re- 
flector for  photography,  a  4-inch  refractor,  a  zenith  tele- 
scope and  other  lesser  apparatus. 

Lorenzo  Kropp,  of  Paysand6,  Uruguay,  South  America, 
in  a  recent  private  letter,  gives  useful  information  concern- 
ing the  irregularity  of  the  mails  between  the  United  States 
and  parts,  at  least,  of  South  America;  but  he  says  the 
European  mails  are  always  received  with  great  regularity. 
This  is  the  second  instance  that  subscribers  to  the  Mes- 
senger in  South  America  have  suggested  that  their  copies 
should  be  mailed  via  England. 

We  arc  pleased  to  know  that  Mr.  Kropp  has  a  5-inch 
Refractor  by  Reinfielder  and  Hertel,  of  Munich  , and  that  we 
are  soon  to  hear  of  its  quality  and  work. 


E.  F.  Swayer  of  Cambridgeport,  Mass.,  has  given  an  im- 
portant series  of  observations  on  suspected  variable  stars  in 
the  Astronomical  Journal-^  No.  184.  There  are  33  such  stars 
to  which  attention  is  called. 


BOOK  NOTICES. 


An  Elementary  Treatise  on  Aj-romechanics,  with    Numerous   Examples, 
by  Edward  A.  Bowser,  LL.  D.,  Professor  of  Mathematics  and  Engin- 
eering in  Rutgers  College.    Second  Edition.    New  York:    D.  Van  Nos- 
•  trand,  publisher.  23  Murray  and  27  Warren  Street;  1886. 

This  book  was  written  three  years  ago,  and  designed  to 
follow  the  author's  work  in  Analytic  Mechanics  noticed  in 
this  magazine  a  few  months  ago.  Like  the  Analytic  Me- 
chanics, its  proofs  are  by  the  aid  of  Analytic  Geometry  and 
the  Calculus,  whichever  seems  to  the  author  best  to  use  in 
any  given  case  under  consideration. 
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The  work  consists  of  two  parts ;  Hydrostatics  and  Hy- 
drokinetics.  The  first  contains  three  chapters  and  the 
second  four.  The  first  chapter  deals  with  equilibrium  and 
pressure  of  fluids.  In  the  study  of  normal  pressure  successive 
integration  is  used,  bringing  out  very  neatly  the  nature  of 
fluid  pressures,  and  showing  what  is  often  difficult  for 
beginners  to  understand  that  the  action  of  a  fluid  does  not 
depend  upon  its  quantity ^  but  on  the  position  and  arrange- 
ment  of  its  continuous  portions. 

The  second  chapter  treats  of  the  equilibrium  of  floating 
bodies  and  specific  gravity;  and  the  third  of  gases  and 
elastic  fluid. 

The  author  devotes  162  pages  to  Hydrokinetics  and  dis- 
cusses the  resistance  and  work  of  liquids,  the  motion  of 
water  in  pipes  and  open  canals,  the  motion  of  elastic  fiuids 
and  hydrostatic  and  hydraulic  machines. 

The  pratical  bearing  of  this  work,  and  the  aim  of  it,  to 
lead  the  student  to  an  intellegent  use  of  his  mathematical 
knowledge  in  useful  application,  are  points  of  commenda- 
tion. It  IS  a  valuable  book  for  the  teacher's  table  if  its  scope 
IS  bevond  his  class-room  work. 


Plan  and  Spherical  Trigonometry,  by  Alfred  H.  Welsh,  A.  M.,of  Ohio  State 
l.'nivcrmty.  Chicago:  Messrs.  C.  Buckbee  &  Co.,  Publishers,  1888; 
pp.  196. 

We  always  like  to  get  a  book  from  a  Chicago  printer,  be- 
cause we  want  to  know  how  those  young  ambitious  people 
succeed  in  printing  books.  It  may,  probably  will,  surprise 
our  Eastern  friends  that  Chicago  is  printing  books  on  the 
higher  mathematics,  though  we  well  remember  that  this  is 
not  the  first  one. 

This  book  begins  with  a  chapter  on  logarithms  to  which 
eighteen  pages  are  devoted.  Under  each  theme  or  theorem 
IS  a  table  of  exercises  designed  to  test  the  pupil's  practical 
knowledge  of  the  principles  enunciated  above.  In  this  the 
author  recognizes  the  need  of  the  class-room,  especially  for 
the  ordinary  pupil  before  undertaking  the  operations  of 
trigonometry. 

Though  there  is  good  authority  for  defining  trigonometric 
functions  as  ratios,  in  practice,  we  have  always  found  that 
direct  definitions  upon  the  lines  themselves,  were  preferable. 
The  second  chapter  consisting  of  54  pages,  treats  of  the 
plane  triangle  in  which  the  use  of  natural  functions  in  the 
solution  of  examples  is  universally  extended.  The  student, 
in  this  part  of  his  work,  has  only  to  do  with  acute  angles  in 
the  exercises  given  and  this  arrangement  is  designed  by  the 
author  for  the  sake  of  developing  the  branch  properly  and 
obtaining  from  the  student,  as  he  believes,  more  definite  re- 
sults. 
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The  second  step  in  this  book  is  called  Gonometry  which  is 
that  branch  that  treats  of  trigonometric  functions  in 
general.  Under  this  head  appear  a  study  of  the  signs  of 
the  angles,  and  lines  representing  the  ftinctions,  the  general 
relation  between  the  hinctions,  and  the  common  forraul« 
for  the  sum  and  difference  of  triangles  and  other  similar  ones 
usuall_v  given  in  such  works.  The  exercises  under  each  head 
are  very  good,  we  could  only  wish  there  were  more  of  them. 
Here  are  two  as  specimens ; 

Given  sin  {i-|-  v)  =cos  ( ar  —  v)  to  find  x  and  r. 

Adapt  to  logarithmic  computation : 


The  spherical  Trigonometry  appears  to  be  equal  to  that 
found  in  the  latest  and  best  books,  presenting  even  some 
for  the  form ulte  for  the  general  spherical  triangle.  The  nu- 
merial  examples  under  this  head  mi^ht  be  increased  with 
profit  to  the  student.  The  logarithmic  table  for  numl)eTS  is 
4  places  and  extends  to  200,  The  table  for  logarithmic 
functions  is  to  10'  and  4  places.  The  natural  table  is  to  10' 
and  5  places.  They  are  in  neat  form  and  good  type  for  its 
s'ze.  This  book  is  certainly  a  credit  to  the  printing  house 
from  which  it  comes. 

Numlicrs  Svmboliied,  an  Elementary  Algebra,  by  David  M.   Seuscnig,  M. 

S..  ProfesBor  of  Mathematica.    State  Nonnal  School,  West  Chester,  Pa. 

Messrs.    D.    Appleton    &    Co,,    Publishers.    New  York,    Boston,    Anil 

Chicago.  1888;  pp.  315. 
This  elementary  book  in  the  Appleton  Mathematical  Series 
has  been  prepared  evidently  by  a  teacher  of  experience  of  the 
best  kind.  We  are  pleased  to  see  so  much  care  in  stating  de- 
finitions and  elementary  principles.  We  expect  that  teachers 
in  the  best  normal  schools  will  know  how  to  put  things  ac- 
curately and  well,  and  usually  they  do  not  fail  to  meet  ex- 
pectations in  this  regard. 

In  the  earlier  pages  the  graded  sequence  of  development  is 
easy  and  natural  for  the  beginning  pupil,  though  he  be 
young  in  years,  for  evidently  such  pupils  were  in  the  mind  of 
the  writer  as  well  as  others.  After  the  fundamental  opera- 
tion the  simple  equation,  with  one,  two  and  three  unknown 
quantities,  is  briefly  treated,  but  the  burden  of  exercise  for 
the  pupil  is  in  the  study  of  the  exponent,  the  fraction,  the 
radical  and  the  imaginarj-.  This  is  right;  for  if  a  pupil  is 
well  grounded  in  these,  from  the  lieginning,  he  will  always 
study  algebra  with  pleasure  and  proht.  \Vc  are  sorry  to  see 
fractions  written,  as  %.  for  example. 

Should  a  teacher  ever  allow  a  pupil  to  write  a  fraction 
that  way?  That  is  a  commercial  fraud.  In  method  it  is 
both  inaccurate  and  inelegant.  But  this  is  a  little  blemish 
only  on  an  otherwise  excellent  book. 
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THE  EFFECTS  OF  ROTATION  UPON  THE  FLUID  ENVELOPE  OF 

A  REVOLVING  SPHERE*. 


SHVIvRI.NrS  J.    CORKK^AN. 
For  The  Mrsskngbu. 

As  stated  on  the  first  page  of  this  paper,  I  thmk  that  we 
are  warranted  b}'  the  concordance  of  theory  and  observa- 
tion, in  regarding  the  oceanic  circulation  as,  primarily,  an 
effect  of  rotation,  but  this  bare  statement  needs  a  (lualifica- 
tion ;  rotation  is  not  the  onh'  factor  that  operates  to  pro- 
duce the  phenomenon  as  we  know  it;  the  configuration  of 
the  coasts  is  also  an  essential  element.  I  purpose  to  demon- 
strate that  it  is  to  the  combined  influence  of  both  that  the 
main  currents  of  the  ocean  are  principally  due. 

It  is  well  known  that  the  tangential  component  of  the  cen- 
trifugal force  generated  by  the  earth's  rotation  is  a  pressure 
exerted  equatorward,  and  that  it  is  this  pressure  that  sus- 
tains the  waters  of  the  ocean,  in  the  equatorial  regions, 
above  the  level  proj^er  to  them  if  the  earth  had  no  axial  ro- 
tation. It  was  by  the  operation  of  this  component  force, 
when  the  matter  of  the  earth  was  in  a  fluid  state,  that  the 
excess  of  matter  near  the  equator  was  produced  and  sus- 
tained. If  this  upholding  force  were  to  be  destroyed  at  any 
point,  or  along  any  line,  it  is  evident  that  any  fluid  matter, 
the  waters  of  the  ocean,  for  instance,  would  seek  to  return 
to  the  normal  level  at  that  point  or  along  that  line.  This 
tendency  is  exemplified  by  the  action  of  the  tides.  It  is 
well  known  that  the  **tide  wave**  is,  in  the  open  ocean,  sim- 
ply an  elevation  of  the  waters  to  an  apex,  this  elevation  be- 
ing due  to  the  diminution  of  terrestrial  gravity  at  a  given 
point  by  the  moon's  gravitative  force,  and  to  the  consequent 
lateral  pressure  exerted  by  the  aqueous  particles  tending  to 
flow  toward  the  point  where  the  force  of  gravity  is  de- 

•  Continued  from  Vol.  VII.  p.  4.29. 
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creased,  this  pressure  sustaining  the  waters  above  the  nor- 
mal level.  When,  b\^  the  diurnal  rotation  of  the  earth,  the 
solid  matter  of  the  latter,  or  the  coasts,  approaches  the 
fixed  elevation  of  waters,  or  the  **tide  wave,'*  the  latter  is 
deprived  of  the  support  on  one  or  more  sides.  It  is  true  that 
the  pressure  is  exerted  upon  the  rigid  land,  as  well  as  upon 
the  movable  waters,  but  the  former  cannot  move  up  to  the 
support  of  the  **tide  wave,''  which,  therefore,  is  precipitated 
upon  the  shore,  and  rushes  inward  through  the  indentations 
of  the  coast,  producing  that  well  known  phenomenon,  the 
tide.  In  an  analogous  manner  the  waters  of  the  oceans  near 
the  equator,  elevated  as  the\'  are  b\'  the  pressure  due  to  the 
tangential  component  of  the  centrifugal  force,  must  flow  to- 
ward the  north  and  the  south  seeking  their  normal  level, 
where  the  trend  of  the  coast  lines  is  such  that  the  support- 
ing pressure  is  removed. 

The  force  of  the  tangential  component  c;^nnot,  of  course, 
be  annihilated ;  it  must  act  upon  the  rigid  land  as  well  as 
upon  the  movable  waters,  but  by  the  interposition  of  the 
former,  a  practical  destruction  of  the  force,  so  far  as  it 
operates  to  sustain  the  waters  above  the  normal  level,  will 
be  effected ;  there  will  be  a  strain  upon  the  land  but  the  lat- 
ter cannot  move  up  to  the  support  of  the  elevated  waters; 
the  latter  must  therefore  flow  down  along  the  coasts  north- 
ward and  southward,  as  it  were  **  under  the  lee  of  the  land.** 
If  the  trend  of  the  coast  were  east  and  west,  and  the  tan- 
gential pressure  or  upholding  force  at  a  right  angle  to  it, 
this  pressure  might  be  likened  to  that  of  a  mighty  wind 
blowing  equatorward  and  forcing  the  waters  in  that  direc- 
tion or  **off*  shore."  Under  the  condition  of  equilibrium 
in  the  fluid  matter  of  the  earth  the  **  tangential  component" 
is  exerted  directh'  toward  the  equator  from  both  sides  of  the 
latter,  and  is  at  a  maximum  in  latitude  45°.  If  we  now  re- 
gard this  fluid  matter  as  not  in  a  state  of  perfect  equilibrium 
or,  in  other  words,  if  we  admit  the  tendency  to  eastward 
pressure  due  to  the  disturbance  of  equilibrium  by  neighbor- 
ing bodies,  and  the  existence  of  which  I  have  endeavored  to 
demonstrate  on  preceding  pages,  the  resultant  pressure 
must  be,  generally,  southeastward  in  the  northern  hemi- 
sphere, and  northeastward  on  the  other  side  of  the  equator. 
If  the  earth  were  completeh'  covered  by  water  the  result  of 
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this  pressure  would  be  an  excess  of  eastward  motion  in  the 
aqueous  particles  near  the  equator,  a  condition  which  prob- 
ably exists  in  the  fluid  envelope  of  the  sun;  but  the  rigid 
land  is  interposed  amid  the  waters,  preventing  such  action 
and  gixnng  rise  to  a  motion  of  the  aqueous  particles  in  a 
direction  differing  from  the  above.  I  claim  that  the  modus 
operandi  is  such  as  to  produce  the  ocean  currents  as  we 
know  them. 

To  comprehend  the  matter  clearly,  the  reader  need  only 
take  a  map  showing  the  whole  Atlantic  basin,  observe  the 
trend  of  the  coast  lines  on  both  sides  thereof,  and  represent 
the  forces  brought  into  action  by  the  rotation  of  the  earth 
by  arrows  pointing  southeastward  in  the  northern  hemis- 
phere, and  northeastward  in  the  other;  strictly  speaking 
these  arrows  should  point  more  directly  east  near  the  equa- 
tor, for  on  that  circle  the  tangential  component  is  0. 

It  will  be  seen*  that  the  forces  so  represented  will  tend  to 
cause  the  waters  of  the  Atlantic  not  only  to  be  raised 
near  the  equator  above  the  level  which  they  would  occupy 
if  the  earth  had  no  rotation,  but  also  to  press  toward,  or  to 
converge  to  a  point  or  region  on  the  west  coast  of  Africa, 
about  the  Gulf  of  Guinea;  the  waters  there  will  thus  be 
elevated  to  an  apex  above  the  level  in  the  same  latitudes  on 
the  opposite  or  American  coast.  Let  the  reader  now  turn 
his  attention  to  the  coast  lines  of  North  and  South  America. 
He  will  see  that  the  arrows  representing  the  forces  will  be 
directed  off  these  coasts,  in  fact  the  direction  will  l^e  almost 
at  a  right  angle  to  the  trend  of  the  North  American  coast, 
but  somewhat  less  to  that  of  South  America,  particularly  in 
the  more  southern  parts. 

This  pressure  away  from  the  coasts,  which  may  be  likened 
to  a  mighty  wind  blowing  **off  shore,''  must  tend  to  leave, 
as  it  were,  a  valley  or  trough  near  the  coasts,  down  which 
trough  the  piled-up  waters  near  the  equator  will,  by  the 
action  of  gravit\'^  flow  toward  the  north  and  the  south, 
passing,  as  it  were,  **  under  the  lee  of  the  land."  The  north- 
flowing  waters  will  form  the  well  known  Gulf  Stream,  while 
the  southerly'  flow  constitutes  the  Brazil  current. 

This  out  draught  from  the  equatorial  waters  along  the 
western  coasts  must  set  up  a  westward  flow  along  or  par- 
allel to  the  equator  from  the  apex  on  the  African  coast. 
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This  westward  moving  stream  is  the  equatorial  current 
Avhich  thus  flows,  as  it  were,  down  hill  from  the  apex  in  the 
Gulf  of  Guinea  to  the  points  of  outflow  on  the  American 
coast  or  the  starting  point  of  the  Gulf  Stream  and  the  Bra- 
zil current.  It  is  worthy  of  note  that  the  former  current, 
whose  course  is  northeast  along  the  coast  of  the  United 
States,  has  its  northerly  movement  staved  and  its  course 
deflected  sharply  eastward  in  latitude  45°,  in  which  lati- 
tude the  **  tangential  component,"  pressing  southward,  is  at 
a  maximum,  and  also  where  the  trend  of  the  coast  changes 
so  as  to  allow  the  southerly  pressure  to  be  exerted  in  full 
force;  in  other  words  where  the  stream  forces  out  from  the 
protection  of  the  land. 

The  southern  flow,  or  the  Brazil  current,  is  also  deflected 
eastward,  but  about  latitude  35°  south.  The  comparative 
inferiority  of  the  latter  current,  both  in  strength  and  in 
length  of  course,  is  probably  due,  at  least  in  part,  to  the 
fact  that  the  trend  of  the  South  American  coast  is  such  that 
the  portion  of  the  upholding  force  rendered  inoperative  b^' 
the  interposition  of  the  land  is  not  so  great  as  in  the  case  of 
the  Gulf  Stream,  the  latter  flowitig  along  a  coast  whose 
trend  is,  up  to  latitude  45°  north,  nearly  at  a  right  angle  to 
the  ** off*  shore"  pressure.  As  is  well  known  both  of  these 
currents  turn  at  first  sharply  to  the  east  in  about  the 
latitudes  named  above. 

The  principal  part  of  the  Gulf  Stream,  crossing  the  Atlan- 
tic, becomes  merged  into  the  North  African  current,  which 
flows  along  the  African  coast  toward  the  equator,  while  the 
Brazil  current  swerves  first  eastward  across  the  South  At- 
lantic, and  eventually  joins  what  is  called  the  South  African 
current,  which  flows  northward  toward  the  equator  along 
the  African  coast. 

These  currents  may  be  regarded  as  representing  respect- 
ively the  southeastward  and  the  northeastward  pressures 
arrested  by  the  African  coast,  and  deflected  equatorward  to 
the  region  of  the  Gulf  of  Guinea,  where  the  waters  are  piled 
up  to  an  apex,  as  has  been  shown  above.  From  this  point 
or  apex  they  again  flow  westw^ard  as  the  equatorial  current 
and  make  the  same  circuit  as  that  above  described,  the  proc- 
ess being  repeated  unceasingly,  or  so  long  as  the  forces 
brought  into  play  by  rotation  and  gravity,  and  the  present 
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trend  of  the  coast  lines  exist.  Similar  action  mav  be  seen  in 
the  Pacific  Ocean;  the  Japan  current  represents  the  Gulf 
Stream,  and  the  Peruvian  current  northward  along  the  west 
coast  of  South  America  is  analogous  to  the  South  African 
current,  while  the  flow  southward  along  the  west  coast  of 
^orth  America  may  be  regarded  as  the  counterpart  of  the 
North  African  current.  These  principal  streams  naturally 
give  rise  to  minor  or  derivative  movements  of  the  waters, 
but  of  these  it  is  unnecessary  to  speak.  The  acceptance  of 
this  hypothesis  does  not  necessitate  the  complete  rejection  of 
the  generalh'  received  notion  which  regards  prevailing  winds 
and  the  differences  of  temperature  in  the  waters  of  the 
oceans  as  causes  of  the  phenomenon ;  these  doubtless  have  a 
marked  effect,  but  thev  onlv  act  as  auxiliaries;  the  main  or 
primary  cause  must  be  found,  I  think,  in  the  action  of  the 
forces  above  mentioned.  Unless  well  established  laws  of 
"mechanics,"  and,  in  particular,  the  law  of  ** gravitation,'* 
}ye  abrogated  or  suspended,  the  waters  of  the  oceans  must 
flow  as  they  do,  even  were  the  atmosphere  perfecth'  quies- 
cent, and  the  temperature  of  the  waters  uniform.  The  fact 
that  the  currents  follow  the  coast  lines  so  closely  is,  I  think, 
very  significant,  and  corroborates  the  hypothesis  which  I 
have  advanced. 

I  have  thus  endeavored  to  demonstrate  that  the  four 
phenomena,  viz. ;  sun  spots  and  their  perodicity,  terrestrial 
storms,  the  seismic  forces,  and  the  oceanic  circulation  are 
primarih'  effects  of  rotation  and  gravitation.  Of  the  abso- 
lute nature  and  cause  of  the  force  called  **  gravity ''  we  have, 
at  present,  no  knowledge;  we  know  it  only  through  its  ef- 
fects, but  the  determination  of  the  probable  proximate 
origin  or  cause  of  rotation  is  not  a  very  difllicult  task. 

On  preceding  pages  I  have  shown  the  form  and  dimensions 
of  the  orbit  in  which  a  material  particle  on  the  e([uatorial 
circumference  of  the  earth  would  move  under  the  influence  of 
the  centripetal  attractive  force  of  the  earth's  mass  and  the 
linear  velocity'  due  to  the  axial  rotation  of  our  globe,  that 
is,  if  said  particle  were  free  to  move  around  the  center  of  the 
earth  and  if  the  whole  mass  of  the  latter  were  concentrated 
at  that  point.  The  linear  velocity  of  rotation  has  thus  been 
regarded  as  a  factor  in  the  formation  of  the  orbit,  or  as  a 
cause,  but  1  think  that  the  axial  rotation  itself  ma^'  be  re- 
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garded  as  an  effect  due  to  an  original  orbital  revolution  of 
independent  particles  of  cosmic  matter.  We  may  be  aided 
in  our  search  for  the  origin  or  cause  of  the  axial  rotation  by 
a  consideration  of  the  much  discussed  but  ever  interesting 
**  nebular  hypothesis/'  We  can  conceive  of  the  existence  of 
a  vast  irregular  mass  of  nebulous  matter  of  indefinite  ex-  • 
tent  moving  through  space,  and  of  whose  origin  or  destina- 
tion it  is  not  essential  to  our  purpose  that  we  should  have 
any  definite  knowledge.  As  no  valid  physical  objection 
stands  in  the  way,  we  may  regard  it,  if  we  will,  as  called  in- 
to existence  directh'  by  the  fiat  of  the  omnipotent  Creator, 
but  whence  it  comes  or  whither  it  goes  is  immaterial  in  this 
connection.  It  suffices  to  assume  this  matter  and  motion  to 
exist,  and  to  the  legitimac3^  of  this  assumption  modem  as- 
tronomical observations  furnish  abundant  attestation.  'It 
is  also  most  reasonable  to  assume  that  some  portions  of 
this  irregular  nebulous  mass  will  be  more  dense  than  others ; 
y.  e.,  that  there  will  be  a  greater  aggregation  of  matter  at 
some  point  or  points  than  at  others.  By  the  operation  of 
the**  law  of  jg^avitation''  the  surrounding  matter  must  be 
drawn  toward  each  point  of  greater  density,  or  center  of 
condensation.  Considering  an}'  one  such  center  or  nucleus, 
it  is  evident  that  the  surrounding  particles  must  be  drawn 
directly  toward  it  if  they  are  at  rest  relative  to  the  nucleus, 
but  it  is  practically  impossible  that  in  a  vast  irregular  mass 
like  the  one  under  consideration  such  a  condition  should 
obtain ;  the  mutual  attraction  of  the  particles  must  induce 
motion,  therefore  the  surrounding  matter  will  have  a  ve- 
locity relative  to  the  nucleus,  and  this,  in  conjunction  with 
the  force  of  gravity  resident  in  the  nucleus,  must  cause 
the  particles  to  describe  orbits  around  the  latter,  under 
the  operation  of  well  known  laws  of  mechanics. 

The  orbit  of  any  one  particle,  unimpeded  by  others,  may 
have  any  position  relative  to  a  fixed  plane  through  the  cen- 
tre of  gravity  of  the  nucleus,  but  it  is  obvious  that  in  the 
congeries  of  nebulous  matter  described  above,  the  individual 
particles  cannot  have  perfect  freedom  of  motion ;  in  propor- 
tion to  the  densit\'  of  the  mass,  impact  among  the  particles 
must  occur,  and  some  will  have  their  orbital  velocity  accel- 
erated therebv,  while  others  will  be  retarded  in  their 
courses;  the  latter  must  therefore  fall  more  directlv  toward 
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the  centre  of  attraction,  or  the  nucleus.  As  the  condensa- 
tion increases  the  orbital  motion  of  the  separate  particles 
will,  by  impact,  tend  to  set  up  a  rotation  of  the  whole  mass 
around  a  fixed  axis,  and  a  spheroid  will  be  developed  from 
the  primitive  irregular  mass. 

The  fixed,  or  polar  axis  of  this  spheroid  will  have  its  posi- 
tion determined  by  the  position  of  the  majority  of  particles 
having  the  greatest  freedom  of  motion,  and  the  rotational 
velocity"  will  depend  upon  the  amount  of  orbital  velocity 
possessed  hy  these  particles.  Thus  the  fixed  axis  will  be  lo- 
cated in  the  matter  having  the  least  orbital  motion,  or 
among  those  particles  which  fall  most  directly  toward  the 
nucleus. 

In  a  rotating  spheroid  derived  from  an  irregular  nebulous 
mass,  minor  or  secondarv  centers  of  condensation  mav  be 
developed  at  any  point  or  number  of  points,  in  the  same 
manner  as  that  in  which  the  primary'  center  or  nucleus  was 
formed,  and  in  like  manner  will  surrounding  particles  gravi- 
tate toward  these  secondary'  centers  and  revolve,  or  tend  to 
revolve,  in  orbits  around  them,  the  orbital  revolution  being 
finallv  transformed  into  axial  rotation.  From  these  second- 
ary  formations  tertiary  ones  may  be  developed  in  an  analo- 
gous manner.  It  is  thus  that,  in  all  probability,  our  sun 
and  the  stars,  which  are  only  distant  suns,  have  had  their 
origin. 

These  secondarv  formations  must,  bv  reason  of  the  rota- 
tion  of  the  mass  in  which  they  are  developed,  revolve  in  or- 
bits around  the  primary  nucleus.  In  a  dense  nebulous  mass 
the  revolving  particles  must  have  their  motions  more  or  less 
aflFected  by  friction  and  im])act  among  themselves ;  the  mo- 
tion of  some  being  retarded  or  destroyed,  they  will  tend  to 
fall  directly  toward  the  primary  center;  while  the  smaller 
particles  thus  fall,  the  larger  secondary  formations  must,  by 
reason  of  the  ** living  force"  due  to  their  mass  and  velocity, 
be  enabled  to  overcome  the  resistance  referred  to,  and  retain 
nearly  their  original  motion  derived  from  the  rotation  of  the 
parent  mass;  /.  e.  they  will  move  in  nearly  circular  orbits 
around  the  primary  nucleus ;  the  other  and  smaller  aggrega- 
tions of  matter,  less  able  to  overcome  the  resistance,  must 
move  in  orbits  of  very  great  eccentricity,  in  fact  ahnost  in 
straight  lines.    This  matter  thus  falling  down  toward  the 
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center  of  attraction,  will  leave  the  larger  bodies  revolving  in 
clear  space  in  nearly  circular  orbits.  In  any  primitive  irreg- 
ular mass  such  as  that  just  considered,  there  may  be  one  or 
more  than  one  center  of  condensation ;  if  only  one,  a  body 
like  our  sun  will  be  developed  therefrom,  while  if  there  be 
two  or  more  such  centers  or  nuclei,  the  result  will  be  the 
formation  of  binary  and  multiple  stellar  systems. 

I  think  that  we  can  consider  the  solar  system  as  a  perfect 
exponent  of  the  processes  above  described.  The  sun  can  be 
regarded  as  the  result  of  the  condensation  of  an  indefinitely 
extended  nebulous*  mass  into  a  rotating  spheroid ;  it  is  ob- 
vious that  a  congeries  of  matter  formed  from  the  slowly 
moving  particles  near  the  outermost  limits  of  the  primitive 
irregular  nebula  would,  by  the  operation  of  gravity,  move 
in  orbits  of  ver\'  great  eccentricity ;  we  know  that  the  com- 
ets and  meteors  move  in  just  such  orbits.  It  is  a  well  estab- 
lished fact  that  nearly  all  the  cometar\'  and  meteoric  orbits 
which  have  been  determined  approximate  very  closel^*^  the 
I^arabolic  form,  but  that  portion  of  the  orbit  of  any  one  of 
these  bodies  through  which  it  can  be  traced  even  by  the  aid 
of  powerful  telescopes  is  comparatively  so  small  that  it  is 
impossible,  in  most  cases,  to  tell  whether  it  is  part  of  a 
parabolic  curve,  or  an  ellipse  of  ver\'  great  eccentricity,  al- 
though in  man\'  cases  the  ellipticity  is  determinable.  In 
view  of  the  above  facts  it  ma^^  be  regarded  as  ver^'  probable 
that  most,  if  not  all,  comets  and  meteors  have  their  origin 
in  the  solar  svstem.  It  is  true  that  in  a  ver\'  few  cases  hv- 
perbolic  elements  have  been  found,  but  the  nature  of  the 
data  from  which  they  were  derived  is  such  that  more  or  less 
doubt  attaches  to  them;  but  circumstances  may  be  such 
that  a  bodv  mav  come  into  our  svstem  from  the  outside  and 
one  formed  in  that  system  be  expelled  therefrom ;  such  cases 
must,  however,  be  ver\'  rare. 

The  major  axis  of  the  orbits  of  the.se  bodies  are  almost  in- 
variably of  enormous  length,  a  fact  which  can  be  accounted 
for  In-  this  hypothesis  which  regards  comets  and  meteors  as 
being  formed  near  the  outer  limits  of  the  primitive  in- 
definitelv  extended  nebula  which  has  condensed  into  what 
we  call  the  sun.  Bv  reason  of  their  formation  in  these  out- 
erniost  regions,  where  the  motion  of  the  primitive  nebulous 
matter  was  not  confined  to  any  definite  direction,  the  come- 
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tarA'  and  meteoric  orbits  can  have,  and  we  know  they  do 
have,  any  inclination  between  0°  and  180°;  but  in  the  case 
of  bodies  formed  in  the  interior  portions  of  the  nebula, 
where  the  condensation  has  become  so  great  that  the  origi- 
nal orbital  revolution  of  the  individual  particles  has  been 
transformed  into  a  rotation  of  the  whole  mass,  the  motion 
will  l>e  confined  to  a  definite  direction,  viz,  that  of  the  mo- 
tion of  rotation ;  the  inclinations  will  therefore  be  confined 
between  the  limits  0^  and  9()'\ 

The  planets  may  be  regarded  as  bodies  formed  around  the 
minor,  or  secondarv  centers  of  condensation ;  thcv  have  bv 
reason  of  their  ** living  force''  retained  the  motion  imparted 
to  them  by  the  rotation  of  the  original  mass  in  which  they 
were  formed,  while  the  smaller  particles  have  fallen  toward 
the  primary  nucleus,  thus  forming  the  sun  as  we  know  it, 
and  leaving  the  larger  masses,  or  the  planets,  revolving 
around  the  latter  body.  As  eminent  physicists  have  shown, 
it  is  to  this  falling  or  condensing  matter  that  the  sun's  heat 
and  light  are  due  through  the  principle  of  the  **  conservation 
of  epergy."  The  moon  and  the  satellites  of  the  other  planets 
may  be  regarded  as  the  tertiary  formations  above  alluded 
to,  these  formations  having  been  developed  from  the  second- 
ary' masses,  or  the  ])hmets,  by  the  same  process  by  which 
the  latter  have  been  formed  from  the  primary  mass. 

This  conception  of  the  origin  of  the  members  of  the  solar 
system  differs  from  the  **  nebular  hypothesis,"  as  usually 
stated,  in  that  these  bodies  are  here  considered  as  developed, 
not  from  rings  thrown  off  b\'  ** centrifugal  force"  from  the 
rotating  mass,  but  from  the  matter  gathering  around  the 
minor  centers  of  condensation  or  nuclei  by  the  action  of  the 
*'  force  of  gravitv  "  resident  in  these  nuclei,  the  mode  of  form- 
ation being  analogous  to  that  through  which  the  primary 
nucleus,  or  the  sun,  has  been  derived  from  the  primitive 
nebula. 

It  is  customary  to  style  the**  nebular  liy])Otliesis"  a  very 
beautiful  and  plausible  conception,  yet  only  a  speculation. 
But  is  it  not  more  than  this?  We  have  ocular  evidence  of 
the  existence  of  irregular  indefinitely  extended  masses  of 
nebulous  ^matter;  the  **  force  of  gravity"  is  an  established 
fact,  and  the  law  of  its  operation  is  accurateh'  known.  We 
also  know  from  the  principles  of  ** mechanics"  that  this 
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force  acting  upon  this  matter  must  produce  results  such  as  I 
have  described  above.  Therefore  I  think  that  we  are  war- 
ranted in  regarding  the  origin  of  the** solar  system"  as- 
cribed by  the  nebular  hypothesis  as  the  true  one. 

From  what  has  been  shown,  we  can  plainly  see  that  the 
motion  of  rotation  is  simply  the  derivative  of  orbital  mo- 
tion ;  therefore,  since  the  latter  is  the  result  of  the  action  of 
the  force  called  **  gravity,"  it  follows  that  the  effects  of  rota- 
tion, viz.,  sun  spots,  terrestrial  storms,  seismic  phenomena 
and  ocean  currents,  are  primiarly  due,  as  I  have  claimed  at 
the  beginning  of  this  paper,  to  one  cause,  viz.,  ** gravita- 
tion." 

The  rotational  velocity  of  any  cosmic  body  depends,  as 
stated  above,  upon  the  original  orbital  revolution  of  the 
particles  composing  it,  and  the  orbital  velocity  depends 
upon  the  degree  of  freedom  of  the  particles  to  move.  This 
freedom  depends  upon  the  density  of  the  matter ;  therefore 
the  velocity  of  rotation  may  be  regarded  as  a  function  of 
the  density ;  the  greater  the  latter  the  less  will  be  the  free- 
dom, and  consequently  the  less  will  be  the  rotational  velo- 
city, and  vice  versa.  In  this  connection,  the  following 
numerical  facts  tabulated  below  will,  I  think,  be  found 
remarkable : 

PLANET.  12  :$  4  5  O 

Mercury sis  0°10'  1.12  1.00  1.06  —0.06 

Venus 291  0  12  1.03  0.98  1.02  —0.04 

Earth ^1(5  0  12  1.00  1.00  1.00  0.00 

Mars 002  0  17  0.95  1.03  0.97  +0.06 

Jupiter..., -^^-       3  35  0.24  0.41  0.49  —0.08 

Saturn '         4  47  0.13  0.44  0.36  +0.08 

Uranus ,\        4  06  0.17  0.40  0.41  —0.01 

Neptune 0.16        0.40  

Column  1  contains  the  values  of  the  **  compression  "  com- 
puted b\'  the  method  I  have  given.  Column  2  contains  the 
angles  by  which  gravit\'  would  deviate  from  the  normal  to 
the  surface  at  the  equator,  if  the  planets  had  not  attained  a 
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figure  of  fluid  equilibrium ;  it  is  the  angle  of  which  the  **  com- 
pression" is  the  sine,  or  a  =  -^.  Column  3  shows  the  value 
of  the  density  of  each  planet,  the  earth's  density  being  taken 
as  the  unit.  Column  4  shows  the  rotational  periods,  that  of 
the  earth,  the  sidereal  day,  being  taken  as  the  unit.  Column 
5  contains  the  square  root  of  the  densities  in  column  3,  and 
column  6  shows  the  differences  between  the  observed  rota- 
tional periods  and  the  square  root  of  the  densities,  taken  in 
the  sense,  f»bservatian — computation,  or  column  4 — column 
5 ;  the  differences  are  expressed  in  terms  of  the  sidereal  day. 
We  thus  see  that  the  square  root  of  the  densities  is  nearly 
the  same  as  the  rotational  period  corresponding,  a  fact 
which,  I  think,  corroborates  m\'  claim  that  these  periods  are 
functions  of  the  densities.  ^ 

The  reader  cannot  fail  to  notice  the  distinct  line  of  de- 
marcation between  the  first  four  planets  and  the  last  four,  a 
line^vhich  is  also  distinctlv  marked  bv  the  zone  of  the  aster- 
oids.  Although  we  do  not  know  from  observation  the  rota- 
tional period  of  Neptune,  \'et,  as  its  density  is  known,  and 
since  the  rotational  period  is  a  function  of  the  density-,  we 
can  safely  assume  that  it  is  nearh'  the  same  as  the  period  of 
Uranus.  This  will  give  us  compression  for  Neptune  =  -~j 
and  the  corresponding  angle  5°32'. 

The  action  generated  by  rotation  in  the  fluid  particles  of  a 
sphere  is  probably  to  a  certain  extent  cumulative:  Consid- 
ering  the  equation  p  =  ^*,* ,  in  which  the  first  number  repre- 
sents, as  has  been  shown,  the  radial  or  uplifting  force,  and 
also  the  equal  force  e^^erted  at  a  right  angle  to  the  former, 
which  latter  force  tends  to  produce  motion  in  the  direction 
of  rotation,  we  can  plainly  see  that  for  a  constant  velocity 
in  the  case  of  any  given  bod\',  the  forces  represented  by  p 
will  depend  upon  k\  were  there  no  axial  rotation  these 
forces  would  be  nil,  but  if  a  rotary  velocity  be  impressed, 
thev  will  come  into  existence,  and  for  a  uniform  motion  thev 
will  be  constant,  and  equilibrium  will  exist  as  long  a  >  /:  is 
not  changed  in  value.  The  proximity  of  another  cosmic 
body  will  effect  a  change  in  the  value  of  A,  and  therefore  of 
the  forces;  but  if  the  j^erturbing  body  remain  at  a  constant 
distance,  ec|uilibriuni  will  again  be  established.  It  is  only 
by  the  variation  of  the  distance  of  the  neighboring  body 
that  changes  in  the  value  of  the  forces  can  be  caused  and 


60  The  Sidereal  Messenger. 


equilibrium  be  rendered  impossible.  Look  at  the  case  of  Ju- 
piter and  the  sun ;  the  great  planet  is  not  at  a  constant  dis- 
tance from  the  latter,  but  moves  from  aphelion  to  perihelion 
and  back  again  in  nearly  twelve  years,  with  all  the  regular- 
ity of  a  pendulum  vibration ;  the  value  of  k  for  the  sun,  and 
therefore  the  forces  represented  by  p,  must  vary  with  the 
same  regularity  within  certain  limits.  When  the  planet  is  in 
perihelion  k  will  have  its  minimum  value ;  then  will  the  up- 
lifting force  and  the  pressure  at  a  right  angle  to  it,  and  tend- 
ing to  produce  motion  in  the  direction  of  the  rotation  be  the 
greatest;  on  the  other  hand,  when  Jupiter  is  in  aphelion,  k 
will  be  greatest,  and  the  forces  will  have  their  minimum  val- 
ues. In  the  first  case  the  tendency  will  be  to  cause  the  ap- 
pearance of  %  maximum  number  of  spots  upon  the  sun,  and 
in  the  last  a  minimum.  The  general  effect  of  this  action 
must  be  alternate  expansion  and  contraction  of  the  solar 
globe,  within  narrow  limits,  and  this  vibratory  or  undula- 
tory  motion  must  have  a  period  corresponding  to  that  of  the 
disturbing  body.  Furthermore,  this  effect  must  be  cumula- 
tive ;  the  action  generated  during  one  swing  of  the  planet 
from  aphelion  to  perihelion  and  return  may  be  very  small, 
but  that  from  many  maj'  be  considerable.  The  other  planets 
must  also  exert  a  similar  influence,  but  in  a  less  degree. 
When  the  planet  is  in  aphelion  the  value  of  k  is  greatest, 
and  that  of  the  forces  least ;  in  other  words,  the  sun's  force 
of  gravity  is  at  a  maximum;  the  solar  matter  must  there- 
fore undergo  condensation  toward  the  center,  during  the 
progress  of  the  planet  from  perihelion  to  aphelion,  and  ex- 
pansion while  the  perturbing  body  is  moving  in  the  opposite 
direction.  Since,  according  to  the  principle  of  the  ** con- 
servation of  energy,''  this  condensation  must  generate  heat, 
it  follows  that  there  should  be  a  slightly  greater  emission  of 
heat  from  the  sun  when  the  spots  are  at  a  minimum  than 
when  they  appear  in  greatest  numbers.  The  same  is  prob- 
ably true  of  electric  and  magnetic  action.  Thus  meteor- 
ological effects  dependent  upon  this  solar  action  might  be 
expected  to  occur  upon  the  earth.  Observation  seems  to  in- 
dicate that  thcv  do. 

We  can  obtain  a  very  simple  3'et  clear  exemplification  of 
the  action  of  the  forces  above  referred  to  in  producing  sun- 
spots,  etc.,  by  means  of  the  following  experiment:    If  we 
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take  a  vessel  of  water,  and  place  in  the  latter  small  particles 
of  an\'  buoyant  substance,  these  particles  to  act  as  indices  of 
the  motion  of  the  water,  and  then  pour  or  force  an  addition- 
al quantit\'  of  water  so  that  it  will  produce  a  rapid  current 
eastward  across  the  vessel,  vortices  will  be  seen  to  form  on 
each  side  of  the  current;  those  on  the  north  will  rotate  in  a 
direction  opposite  to  that  of  the  hands  of  a  watch,  while  a 
contrary  movement  will  be  observed  on  the  south  side; 
along  the  current  no  vortices  will  be  fgrmed.  It  is  a  signifi- 
cant fact  that  the  sun-spots  are  not  found  upon  the  equator, 
but  at  some  distance  on  either  side  of  it,  just  as  the  vortices 
in  the  above  experiment.  The  reason  may  be  found  in  the 
hypothesis  which  I  have  advanced  above,  viz.,  that  there  is 
at  times  a  greater  angular  velocity'  near  the  §olar  ec|uator 
than  toward  the  poles,  or  a  current,  in  the  direction  of  the 
rotation,  along  or  parallel  to  the  equator.  Furthermore  the 
terrestrial  storms  or  cvclones  have  a  rotarv  motion  in  the 
directions  shown  by  the  experiment. 

If  we  examine  the  elliptic  orbit  which  a  particle  of  matter 
on  the  equatorial  circumference  of  the  earth  would  describe  if 
free  to  move,  which  orbit  I  have  shown  at  the  beginning  of 
this  article,  we  will  see  that  the  major  axis  of  this  ellipse  is 
equal  to  the  mean*  radius  of  tlie  earth,  and  that  the  angle 
11'47".5  which  gravity,  on  the  equator,  would  make  with 
the  normal  to  the  surface,  if  the  original  fluid  matter  of  the 
earth  had  not  attained  a  figure  of  equilibrium,  is  the  same 
as  the  angle  of  the  vertical  in  latitude  45°  or  the  maximum 
angle;  it  is  16''.9  greater  than  the  value  generally'  used,  be- 
cause that  is  computed  from  Bessel's  value  of  the  compres- 
sion or  29^1)8 »  w^^'^  th^  former  is  derived  from  the  compres- 
sion form  by  the  method  I  have  given  or  09552  ^^'hich  is  near- 
ly the  same  as  Clarke's  value  derived  from  arcs  of  meridian. 
It  is  the  angle  of  which  the  compression  is  the  sine,  or  it  can 
be  derived  by  combining  the  resultant  of  the  forces  repre- 
sented byp,  with  the  whole  force  of  gravity;  it  will,  then, 
be  the  angle  which  this  second  resultant  makes  with  the 
whole  force. 

A  study  of  the  orbit  will  disclose  other  interesting  rela- 
tions which  connect  this  simple  process  for  finding  the  **  fig- 
ure of  the  earth,"  with  the  more  elaborate  analytical  meth- 
ods employed  by  Clairaut  and  other  eminent  geometers, 
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for  the  same  purpose.  In  closing  I  would  say  that  while  to 
many  the  claim  set  forth  at  the  beginning  of  this  paper,  viz., 
that  the  diverse  phenomena  mentioned  were  due  to  one  and 
the  same  determinable  cause  ma\'  have  seemed  preposterous, 
those  readers  who  have  possessed  sufficient  interest  in  the 
subject,  and  patience  to  follow  closely  and  understandingh' 
the  development  of  mj'  theme,  must,  I  think,  have  arrived  at 
a  different  conclusion. 

Complexity'  in  the  appearance,  but  simplicitj-  in  the  realit\'' 
seems  to  be  a  characteristic  of  the  workings  of  Nature,  from 
the  operations  of  whose  law  of  **  universal  gravitation," 
these  effects  flow  as  inevitablv  and  naturallv  as,  bv  virtue 
of  the  same  great  law,  the  raindrop  falls  from  the  cloud,  and 
the  river  flows  to  the  sea. 


THE  AVERAGE  PARALLAX  OF  STARS. 


BV  W.  H.  S.  MOXCK. 
For  Tub  Mbssknger. 

Dr.  Elkin's  computation  of  the  average  parallax  of  stars 
of  the  first  magnitude  must  have  interested  most  of  the 
readers  of  The  Sidereal  Messenger,  but  the  considerable 
differences  between  some  of  his  results  and  those  of  previous 
observers  seem  to  render  it  desirable,  if  possible,  to  solve  the 
same  problem  by  a  different  method.  I  think,  moreover, 
that  the  average  parallax  of  stars  of  the  second  magnitude 
would  be  a  more  soluble  problem  than  the  average  parallax 
of  stars  of  the  first  magnitude.  For  photometric  researches 
have  shown  that  stars  ordinarily  classed  as  of  the  first 
magnitude,  ma\'  differ  from  each  other  hy  two  to  three 
magnitudes  and  even  taking  Dr.  Elkin's  list  the  extremes 
probably  differ  by  nearly  a  magnitude  and  a  half.  This  oc- 
curs with  stars  of  the  first  magnitude  only.  Stars  of  the 
second  magnitude  moreover  being  more  numerous,  an  aver- 
age is  more  reliable.  My  present  object,  however,  is  only  to 
suggest  a  different  mode  of  computing  such  averages. 

The  principle  of  this  method  is  as  follows:  The  sun  is  a 
comparatively  insignificant  member  of  the  stellar  system, 
and  situated  at  a  great  distance  from  its  nearest  neigh- 
bors.   Therefore  the  stars  on  an  average  have  no  greater 
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tendency  to  approach  or  recede  from  the  sun  than  to  move 
at  right  angles  to  the  joining  line;  and  on  a  general  average 
the  motion  in  the  line  of  sight  will  be  equal  to  the  motion 
at  right  angles  to  it.  The  former  of  these  motions  can  be 
measured  in  miles  per  second  b\'  the  spectroscope;  the  lat- 
ter is  known  as  the  proper  motion  of  the  star  and  is  usu- 
allv  measured  bv  the  number  of  seconds  or  fractions  of  a 
second  described  annualh'.  If  we  know  the  average  mo- 
tions in  these  two  directions  for  the  stars  of  any  magnitude 
we  can  obtain  the  average  parallax  by  equating  them.  Of 
course  this  method  mav  be  wide  of  the  truth  in  the  case  of 
any  individual  star  because  the  true  direction  of  that  star's 
motion  may  be  nearh'  in  the  line  of  sight  or  nearh^  at  right 
angles  to  it,  but  errors  of  this  kind  will  balance  each  other  in 
the  average  result.  Further,  I  know  of  no  reason  for  think- 
ing that  the  average  velocities  of  stars  of  the  first  magni- 
tude are  either  greater  or  less  than  those  of  stars  of  any 
other  magnitude,  and  this  a  priori  anticipation  is,  I  think, 
confirmed  by  the  results  of  spectroscopic  measurements  as 
far  as  they  have  gone.  If  so,  we  can  arrive  at  an  average 
velocity  in  the  line  of  sight  for  all  stars,  and  then  determine 
the  average  parallax  of  the  stars  of  any  given  magnitude 
from  the  average  proper  motion  of  the  stars  of  that  magni- 
tude. 

Considering  the  difficulty  of  making  accurate  spectro- 
scopic measurements,  and  the  conflicting  results  often  ar- 
rived at  in  the  case  of  the  same  star,  it  is  much  to  be  wished 
that  we  had  more  of  them.  I  have  not,  however,  in  making 
a  first  rough  calculation,  used  all  the  measures  that  are 
available,  but  confined  mvself  to  the  Greenwich  results  as 
published  in  the  last  three  volumes  of  the  Monthly  Notices 
of  the  Roval  Astronomical  Societv.  In  1885  there  was  an 
average  motion  of  30.2  miles  per  second  for  47  stars;  in 
1886  an  average  of  22.6  for  45  stars,  and  in  1887  an  aver- 
age of  28.0  for  43  stars.  A  large  proportion  of  the  stars 
observed  each  year  were  identical,  and  the  differences  must 
have  arisen  in  part  from  errors  of  observation.  Until,  how- 
ever, we  have  better  results  deduced  from  measurements  of 
a  larger  number  of  stars,  I  think  the  average  velocity'  of  a 
star  in  the  line  of  sight  may  be  taken  at  26  to  27  miles  per 
second ;  and  I  believe  a  separate  examination  of  the  stars  of 
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the  first  magnitude  would  not  have  led  to  a  materially  dif- 
ferent result  as  regards  them.  Equating  this  velocit3'  with 
the  proper  motion,  we  obtain  for  the  average  parallax  of  a 
star  of  any  given  magnitude  (in  seconds)  approximately 
0.11  a,  where  a  is  the  average  proper  motion  (in  seconds) 
for  a  star  of  that  magnitude.  The  average  proper  motion 
of  Dr.  Elkin's  ten  stars  is  0".609,  which  gives  an  average 
parallax  of  0".067,  a  figure  somewhat  lower  than  has 
hitherto  been  assigned,  but  the  general  result  of  recent  in- 
vestigation has  been  to  reduce  our  estimates  of  parallax. 

I  do  not  know  of  any  table  of  the  proper  motions  of  the 
stars  of  the  second  (or  of  any  higher)  magnitude  from  which 
their  average  parallax  could  be  deduced  in  this  manner.  Ac- 
cording to  the  usual  photometric  scale,  a  difference  of  one 
magnitude  indicates  that  the  distance  is  increased  by  the 
multiplier  1.585,  and  the  proper  motion  will  naturalh'  be 
diminished  in  the  same  ratio.  On  this  assurAption,  taking 
the  average  parallax  of  a  star  of  the  first  magnitude  at  0".- 
067,  we  shall  have  for  the  second  magnitude  0".04'2,  and 
for  the  third  0".026,  provided  that  no  light  is  lost  in  trans- 
mission. If  light  is"  lost  in  transmission,  however,  the 
average  distances  will  be  less,  and  the  average  parallaxes 
and  proper  motions  greater.  Numerous  and  carefu\  obser- 
vations both  of  proper  motion  and  of  spectroscopic  velocity 
are  much  to  be  desired. 


TOTAL  SOLAR  ECLIPSE,  JAN.   i,   1889. 


THE   EDITOR. 


It  is  yet  too  soon  to  give  more  than  a  brief  outline  of  the 
work  undertaken  during  the  total  eclipse  of  Jan.  1,  1889. 
The  long  distance  that  many  parties  traveled,  the  time  nec- 
essary- to  develope  photographic  plates  and  to  prepare  illus- 
trations, make  it  impossible  to  give,  in  this  number,  the  full 
report  which  was  suggested  last  month. 

It  may,  however,  interest  our  readers  to  have  an  intro- 
ductory statement,  at  least,  of  facts  in  hand  concerning  the 
location  of  various  observing  parties,  the  work  undertaken 
and  the  probable  results  reached. 
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The  following  statement  concerning  obser\''ers,  instru- 
ments, places  of  observation  and  work  attempted  was 
gathered  in  California  from  various  sources,  and  from  cor- 
respondence since  our  return  home. 

Willows.  The  Harvard  College  Observatory  party  were 
stationed  at  Willows  in  the  Sacramento  Valley,  on  the  west 
side  of  the  river.  The  party  consisted  of  Wm.  H.  Pickering, 
chief,  S.  I.  Bailey,  Robert  Black,  E.  S.  King,  from  Harvard, 
and  twenty-nine  local  assistants.  Fourteen  telescopes  and 
cameras  were  employed,  and  eight  spectroscopes.  The  first 
contact  was  lost  by  clouds.  The  duration  of  totality  was 
reported  to  be  one  minute  and  eighteen  seconds  (which  is 
evidently  an  error  in  transmitting  the  report).  Eight  photo- 
graphs were  secured  with  the  thirteen-inch  telescope,  giving 
images  two  inches  in  diamelfer  before  enlargement.  Nine 
were  taken  with  the  eight-inch  camera.  Twenty-five  nega- 
tives were  taken  to  measure  the  brightness  of  the  corona 
and  surroundings;  five  negatives  to  search  for  intra-Mer- 
curial  planets,  and  twenty  to  study  the  spectrum  of  the  cor- 
ona and  determine  its  composition.  These  photographs  are 
expected  to  reach  from  the  yellow  rays  to  the  ultra  violet. 
For  the  latter  purpose  the  spectroscope  with  lenses  and 
prisms  composed  exclusively  of  quartz  were  employed. 

Seven  observations  were  made  with  the  photometer  to 
measure  the  general  illumination  during  totality.  It  was 
found  lighter  than  during  the  eclipses  of  1878  and  1886. 
The  corona  was  similar  to  those  of  1868  and  1878,  but 
showed  much  more  detail  than  the  latter.  It  was  an  excep- 
tionally fine  corona,  extending  usually  on  one  side  to  two 
solar  diameters.  Its  striking  characteristic  was  two  forked 
iwrings  of  light.  The  polar  rays  were  well  defined  and  con- 
sidcrablv  shorter. 

Professor  W.  Upton  of  Brown  University,  and  A.  L.  Rotch 
of  Blue  Hill  Obseri'atory  gave  attention  to  meteorological 
observations  at  a  little  distance  from  the  Harvard  party. 
Results  not  learned. 

Cloverdale  was  the  point  chosen  by  the  Pacific  Coast 
Amateur  Photographers'  Association  under  the  direction  of 
Mr.  Burckhalter  who  himself  used  a  10y2-inch  Newtonian 
reflector  with  camera  attached  for  photographic  purposes. 
The  party  consisting  of  about  forty  persons  succeeded  in 
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making  one  hundred  and  sixty-seven  negatives  with  cameras 
of  various  sizes.  As  we  went  to  press  a  full  description  of 
the  work  of  this  enthusiastic  party  came  to  hand  accom- 
panied by  a  dozen  photographs  of  the  corona  as  taken 
by  diferent  persons  of  the  party. 

The  Lick  Observatory  party  were  located  at  Bartlett 
Springs.  At  the  time  of  first  contact  the  sky  was  perfectly 
clear,  and  both  Mr.  Hill  and  Mr.  Barnard  observed  it.  Mr. 
Hill  observed  the  remaining  three  contacts,  Mr.  Keeler  saw 
remarkable  changes  in  the  length  of  the  coronal  lines.  Mr. 
Barnard  obtained  nine  photographs  with  three  different 
cameras.  Mr.  Leuschener  made  seven  measures  of  light 
during  totality.  Drawings  and  paintings  of  the  corona 
were  also  made.  At  the  Lick  Observatory  thirteen  photo- 
graphs were  taken  of  partial^jhases. 

Norman.  A  party  of  300  excursionists  by  special  train 
from  San  Francisco,  Sacramento  and  other  points  sought  to 
reach  a  point  within  the  path  of  the  total  shadow,  but  the 
train  being  late  failed  to  see  the  total  phase  of  the  eclipse. 

Healdsburg.  A  person  by  the  name  of  Professor  G.  E. 
Hall  reported  that  twenty-two  negatives  were  taken  at 
Healdsburg.  Streamers  were  seen  at  this  place  ten  or  twelve 
degrees  long  as  reported  in  the  Examiner  of  San  Francisco. 

It  was  also  said  that  *'the  corona  presented  the  color  of 
deep  red  near  the  ntoon,  then  rose  vermillion,  shading  into 
orange  violet.''  Solar  prominences  and  portions  of  the 
chromosphere  were  doubtless  meant.  The  length  of  the 
streamers  was  greatly  exaggerated  in  this  report,  probabh' 
five  times  their  true  length. 

Nelson  was  the  point  chosen  bj'  Professor  Lewis  Swift,  of 
Warner  Observatory,  Rochester,  N.  Y.  His  purpose  was  to 
search  again  for  intra-Mercurial  planets,  but  clouds  and  haze 
made  this  work  impossible. 

All  four  contacts  were  well  observed,  a  chronometer  watch 
previously  set  to  the  Lick  Observatory  time  being  used  bj'  N. 
B.  Scott.  Five  very  small  colorless  protuberances  were  seen, 
all  having  pointed  apexes.  Near  the  point  of  one  was  an- 
other detached  from  the  sun.  Bailey's  beads  were  seen  at 
the  second  and  third  contacts,  but  entirely  unlike  those  seen 
at  Denver  in  1878.  No  chromosphere  was  visible,  though 
looked  for. 


Total  Eclipse  of  the  Sun,  67 

Mercury,  Venus,  Vega  and  Alpha  Cygni  were  seen;  the 
corona  could  not  be  drawn,  but  as  seen  through  the  tele- 
scope was  not  very  extensive. 

The  first  contact  was  at  12A  24'/2j  36s;  the  second  contact 
was  at>  lb  48n3  29s;  the  third  contact  was  at  lA  50m  25s; 
the  fourth  contact  was  at  3A  8/n  14s.  The  duration  of  to- 
tality was  one  minute  and  fifty-six  seconds. 

Cbico,  The  Carleton  College  party  observed  at  this  point. 
Professors  Pearson  and  Wilson  made  twenty-one  exposures, 
nine  of  which  belonged  to  the  total  phase.  Some  of  these 
photographs  have  been  developed  and  turn  out  well,  others 
show  a  disturbed  telescope,  and  over  exposure.  Professor 
Payne  examined  the  corona  with  a  two  inch  telescope,  and 
noticed  the  north  polar  rays  curiously  curved,  saw  two  col- 
ored prominences  on  the  western  limb  and  a  portion  of  the 
chromosphere  in  all  its  usual  strong  color.  Drawings  were 
made  and  all  contacts  were  observed. 

The  beginning  of  totality  was  observed  at  lA  42/n  7s,  and 
its  end  came  at  1 A  50/n  2s,  giving  a  duration  of  1/n  53s,  four 
seconds  less  than  the  time  computed  for  this  point  b^^  the 
Lick  Observatory. 

Free  hand  sketches  of  the  corona  were  drawn  by  several 
persons  connected  with  our  party.  Some  of  these  will  be 
published  later. 

The  corona  as  seen  through  the  telescope  was  full  of  in- 
teresting details.    We  had  time  to  examine  only  a  part  of  it. 

Winnemucca  (Nev.)  The  weather  was  perfectly  clear  dur- 
ing the  entire  day.  Professor  H.  A.  Howe,  of  Denver  Uni- 
versity, with  five  assistants,  observed  the  contacts,  made 
drawings  of  the  corona  and  did  some  photographic  work. 

Professor  Elkin  of  the  Yale  Observatory  also  chose  this 
point.  He  did  not  discover  two  comets  as  was  erroneously 
reported  at  the  time. 

J.  A.  Brashear  made  drawings  of  the  corona  especially  in 
the  region  of  the  south  pole  of  the  sun. 

No  appreciable  change  of  t/?mperature  was  noticed  during 
the  eclipse.  Shadow  bands  were  observed  here.  The  corona 
was  similar  to  that  of  1878.  The  streamers  extended  from 
3  to  4  diameters  of  the  sun  and  red  protuberances  were 
strongly  marked.  x 

Chas.  W.  Irish,  Surveyor  General  of  Nevada,  chose  a  point 
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on  120th  meridian  north  of  Reno.  He  made  drawings  of 
the  Qorona,  observed  contacts,  and  secured  several  good 
photographs  during  totality.  His  results  are  important 
and  will  find  place  in  the  March  Messenger. 

Professor  C.  W.  Pritchett,  of  Washington  University,  St. 
Louis,  and  his  party  were  also  very  successful  in  their  obser- 
vations. Professor  D.  P.  John,  of  DePauw  University,  Ind., 
was  also  somewhere  in  the  path  of  totality'.  The  results  of 
his  w^ork  we  have  not  vet  learned.  There  are  manv  other 
observers  whose  work  deserves  mention,  but  want  of  space 
compels  us  to  defer  it  at  present. 


NOTE  ON  THE  ECLIPSE  OF  JAN.   i,   1889. 


PROFESSOR  DAVID  P.  TODD.* 
For  The  Mkssenger. 

The  clear  skies  ever3^where  prevalent  along  the  belt  of 
total  eclipse  on  the  afternoon  of  January  1st  afforded  a 
most  favorable  opportunity"  for  the  co-operation  of  volun- 
teer observers  who  had  received  copies  of  the  instructions  for 
observing  the  eclipse  prepared  by  myself  under  the  direction 
of  the  Bache  Trustees  of  the  National  Academy  of  Sciences. 
Several  hundred  pamphlets  were  distributed  to  the  best  ad- 
dresses that  could  be  secured,  of  persons  within  the  path  of 
the  shadow  from  the  Pacific  Coast  through  California, 
Nevada,  Idaho,  WVoming,  Montana,  Dakota  and  Manitoba. 
The  returns  from  this  expenditure  already  received  are  most 
gratifying.  Only  about  one  per  cent  of  the  observers  re- 
mark any  interference  whatever  from  clouds.  Practically 
the  whole  eclipse  region  was  free  from  atmospheric  obstruc- 
tions, and  even  in  Manitoba,  near  the  point  where  the 
shadow  left  the  earth  and  the  sun  was  thus  onlv  a  few 
minutes  above  the  horizon,  the  reports  I  have  received  show 
that  the  observers  had  excellent  conditions  for  this  work. 

It  seemed  best  to  confine  th^  instructions  to  a  very  few 
points  of  scientific  interest.  So  I  selected  five,  (1)  drawings 
of  the  entire  corona,  (2)  drawings  (telescopic)  of  the  fila- 
ments about  the  solar  poles,  (3)  sketches  of  the  outlying 
streamers  along  the  ecliptic  (using  an  occulting  disk),  (4)  ob- 
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servations  of  the  simple  duration  of  totalit\^  along  both 
edges  of  the  shadow-track,  (5)  photographs  of  a  standard 
object  illuminated  by  the  direct  light  of  the  corona. 

These  last  which  I  regarded  as  of  least  importance,  have 
apparently  been  least  attractive  to  the  amateur  photo- 
graphers. The  plates  I  have  received  are  not  developed,  and 
thus  nothing  is  yet  known  as  to  the  results. 

Under  (4),  the  observations  appear  to  show  no  great  error 
in  the  predicted  position  of  the  lunar  shadow,  though  they 
cannot  of  course  be  definite^  discussed  until  the  exact  long- 
itude and  latitude  of  the  numerous  observation  points  have 
been  determined — a  large  work. 

The  drawings  of  class  (1)  are  perhaps  as  diverse  as  those 
similarly  obtained  in  the  eclipses  of  1869,  1878,  and  1887; 
but  the  scores  of  sketches  already  received  indicate  a  corona 
of  unusual  proportions  and  irregularity  of  figure.  I  shall 
discuss  them  uniformly  with  the  Japan  series  of  1887  now  in 
my  hands,  and  the  results  seem  likely  to  be  of  value,  even  as 
supplemental  to  whatever  photographs  have  been  secured. 
Certainly  it  will  be  determined  whether,  in  future  eclipses 
passing  over  inhabited  regions,  it  will  be  worth  the  while 
to  trouble  the  intelligent  residents  with  coronal  sketch- 
making.  Should  this  note  reach  any  person  who  has  made 
a  sketch  of  the  corona  at  the  late  eclipse,  and  who  has  not 
forwarded  it,  he  is  invited  to  do  so  as  early  as  practicable, 
and  will  receive  in  return  a  copy  of  the  published  report  on 
all  the  observations  which  have  been  made  in  response  to 
mv  instructions. 

The  drawings  of  class  (2)  are  perhaps  the  most  important 
of  all,  as  even  small  telescopes  and  concentrated  attention 
will  bring  out  details  of  the  complex  polar  filaments  such  as 
the  photographs  of  previous  eclipses  have  mostly  failed  to 
show.  I  should,  perhaps,  except  the  Krasnoiarsk  negatives 
of  1887  from  this  statement;  while  the  results  of  the  best  ex- 
posures of  the  present  eclipse  are,  of  course,  unknown  as  yet. 
The  case,  however,  seems  to  be  so  far  quite  as  clearly  in 
favor  of  the  optical  observer,  as  is  the  pictorial  representa- 
tion of  the  detail  of  sun-spots,  where  the  photographic 
plate  operates  at  a  disadvantage  which  it  is  hard  to  see  the 
way  to  overcome  at  present.  It  seems  to  me  a  matter  for 
regret  that  more  telescopes  should  not  have  been  used  in 
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this  way.  Most  of  the  polar  sketches  already  received  are 
excellent,  but  there  are  not  so  many  of  them  as  I  had  hoped 
for. 

With  reference  to  the  zodiacal  streamers  (3)  the  returns  are 
very  satisfactory,  when  one  considers  the  extra  trouble  the 
intending  observer  must  take  to  set  up  the  occulting  disk, 
adjust  a  mark  for  the  position  of  the  eye — not  to  mention 
the  requirement  that  he  should  keep  his  eyes  in  entire  dark- 
ness for  ten  or  fifteen  minutes  before  totality,  and  thus  sacri- 
fice all  chance  of  seeing  a  part  of  the  phenomenon  of  very 
great  popular  interest.  I  have  already  a  goodly  number  of 
such  sketches,  and  they  show  that  many  of  the  observers 
traced  the  streamers  quite  as  far  from  the  sun  as  Langley 
and  Newcomb  saw  them  at  the  discover}"  in  1878.  The 
persistence  of  those  puzzling  objects  at  or  near  the  epoch  of 
minimum  spots  must  be  taken,  I  think,  as  strong  evidence 
in  support  of  the  theory  of  a  ring  of  meteoric  or  other  mat-" 
ter  surrounding  the  sun  approximatel}^  equatorially ;  and 
the  probable  absence  of  which,  during  the  time  of  maximum 
spots,  has,  in  some  not  yet  fulh'  understood  manner,  some- 
thing to  do  with  the  occurrence  of  this  maximum.  This 
last  eclipse  Avas  so  short  that  I  shall  not  be  surprised  if  the 
optical  sketches  of  the  streamers  are  found  to  show  them 
farther  out  than  even  the  best  of  the  photographs  do. 


ASTRONOMY  IN  THE  UNITED  STATES.'v 
T.  H.  SAFFOKD.   Ph.  D. 

Haifa  century  ago,  then,  American  astronomy  in  a  practi- 
cal form  was  beginning  to  show  itself  About  Boston  there 
were  three  or  four  amateur  observers  of  a  good  deal  of  skill. 
One  of  the  best  was  the  chronometer  maker,  Willam  Cranch 
Bond,  who  had  a  little  private  observatory'  in  Dorchester; 
Paine  and  Bowditch  were  others.  Peirce  and  Lovering  were 
young  professors  at  Harvard.  Bowditch  had  published  his 
translation  of  the  Mdcanique  Cdleste,  copies  of  which  he  gen- 
erously gave  to  libraries  and  to  mathematical  students.    At 
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New  Haven  there  was  much  interest,  and  some  effort  to 
make  valuable  observations ;  and  the  college  was  graduat- 
ing more  young  mathematicians  than  it  had  usualh'  done. 

In  the  government  service  were  skilled  observers,  who  had 
at  their  command  fairly  good  instruments  of  moderate 
dimensions;  but  there  was  no  permanent  observatory'  at 
Washington,  or  elsewhere  in  the  country.  About  this  time 
Captain  Wilkes's  exploring  expedition  sailed  on  its  long  voy- 
age around  the  world.  Wilkes  will  be  remembered  by  his 
seizure  of  the  Trent,  rather  than  by  his  earlier  reputation  as 
a  scientific  explorer.  In  these  voyages  it  was  intended  to 
determine  the  longitude  of  manj'^  places  by  observations  of 
the  moon,  and  it  became  necessary  to  make  similar  observa- 
tions  on  land  at  known  places.  A  young  naval  officer,  Lieu- 
tenant Gilliss,  was  instructed  to  make  such  observations. 
His  transit  instrument,  of  very  modest  dimensions,  was  set 
up  on  Capitol  Hill  at  Washington,  under  a  temporary  shed ; 
and  a  fine  clock  was  placed  along  with  it.  There  Gilliss  ob- 
served verj'  regularly  from  1838  to  184-2. 

Similar  observations  were  made  at  Dorchester  In-  W.  C. 
Bond,  under  contract  with  the  Government.  But  these 
beginnings  of  astronomical  works,  which  led  later  to  the 
establishment  of  observatories,  were  themselves  subsequent 
to  the  building  of  the  Williams  College  Observatory  by 
Albert  Hopkins.  Almost  from  its  foundation  our  College 
has  had  instructors  who  were  lovers  of  natural  phenomena, 
and  science  has  in  a  modest  way  been  long  encouraged  here. 
Chester  Dewey,  an  early  professor  in  this  College,  was  the 
first  scientific  lecturer  I  had  the  pleasure  of  hearing.  He 
was  teaching  physics  and  chemistry  in  a  little  medical  school 
in  Vermont,  and  I  well  remember  how  I  was  interested  in  a 
lecture  on  heat  which  I  was  allowed  to  attend.  In  the  verv 
early  time,  years  before,  of  his  professorship  here,  he  taught 
all  the  sciences  of  the  ocurse.  or  nearly  all ;  his  specialty, 
later,  was  a  branch  of  botanv.  Eaton  and  Emmons  will 
also  be  remembered  among  our  professors,  as  men  of  origi- 
nal views ;  but  I  think  we  are  indebted  to  Albert  Hopkins 
for  much  of  the  impulse  toward  the  direct  study  of  nature 
which  has  long  prevailed  here. 

When  Mark  Hopkins  was  made  President  in  1836,  his 
brother  Albert  had  been  some  vears  an  instructor  in  the 
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College.  In  1834-  he  had  gone  abroad  to  procure  phUosoph- 
ical  apparatus,  and  leam  something  of  the  European 
methods  of  investigation  and  teaching.  At  that  time  the 
impulse  to  scientiSc  study  which  was  contemporaneous  with 
the  French  Revolution,  and  which  had  continued  through 
the  Nai)o!eonic  wars,  had  spread  over  nearly  all  Europe. 
Even  England  had  submitted  to  the  continental  ways  of 
sludjing  mathematics, — not  quite  completely,  but  still  far 
enough  to  give  a  good  deal  of  community  of  spirit  between 
the  English  and  foreign  astronomers.  In  Germany  and  the 
Baltic  provinces  of  Russia  there  were  astronomers — Besi»el. 
Struve,  Gauss,  Argelander,  Encke, — who  taught  practical 
astronomy  as  a  university  discipline,  and  employed  their 
observatories  as  practical  means  of  impressing  their  theoret- 
ical lessons  on  the  pupils.  In  England  and,  I  think  Frajice, 
it  was  not  so;  theoretical  mathematics  was  studied  to  the 
completion  of  the  course  in  it,  and  was  followed  by  the 
more  abstract  parts  ofastronomy. 

The  pupils  of  the  astronomers  before  mentioned  were  not 
very  many,  but  yet  enough  to  keep  the  subject  alive,  and 
gradually  diffuse  a  knowledge  of  it  through  the  higher 
schools.  At  Cambridge,  in  England,  the  mathematical  in- 
struction had  little  by  little  taken  the  form  of  training  men 
to  pass  examinations  in  the  mathematics,  and  the  senior 
wranglership.  or  first  place  in  mathematics,  was  the  goal  of 
the  ambition  of  the  ablest  men  in  the  university.  Our 
American  courses  were  in  part  copied  from  the  English 
studies  of  the  last  century,  and  were,  little  by  little,  modified 
to  suit  our  circumstances,  But  their  adaptation  was  not 
perfect,  partly  because  no  definite  idea  was  dominant. 

At  Dr.  Mark  Hopkins's  entrance  upon  the  presidency  of 
Williams,  in  1836,  a  new  spirit  soon  manifested  itself  His 
scheme  of  studies  was  well  thought  out.  and  the  leading 
idea,  that  of  making  man  himself  the  subject  of  study  for  the 
Senior  year,  tended  to  give  the  course  a  certain  roundness 
and  distinctness  to  the  mind.  He  taught  physiology  as  an 
introduction  to  philosophy;  a  natural  thing  for  a  trained 
physician  to  do,  and  it  was  a  very  advanced  idea  at  the 
time.  This  new  impulse  seems  to  have  led  to  the  building  of 
the  Observatory;  both  brothers  probablv  thought  it  would 
make,  as  it  has  done,  the  study  more  vivid  and  interesting. 
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I  need  hardly  enlarge  here  upon  the  character  of  Albert 
Hopkins.  All  Williams  men  know  how  strong  in  all  respects 
he  was ;  what  an  admirable  helper  to  his  more  widely  cele- 
brated brother;  how  high  and  pure  his  aims,  how  great 
a  factor  he  was,  especially  in  the  religious  life  of  the 
College,  for  so  many  years.  But  even  as  a  young  man 
he  was  deeply  imbued  with  the  love  of  nature.  There 
was  no  one  who  did  more  to  interest  his  students  in  all  the 
Creator's  wonderful  works.  To  his  initiative  is  due  the  first 
scientific  expedition  sent  from  this  College ;  for  many  years 
he  was  the  leader  in  the  exploration  of  these  hills,  which  has 
been  so  fruitful  both  of  l\ealth  and  knowledge  to  the  genera- 
tion now  middle-aged. 

I  presume  that  in  1834  he  had  arranged  for  the  purchase 
or  construction  of  the  transit  instrufnent  and  clock,  the  lat- 
ter still  in  active  employment  as  a  time  keeper  for  ordinary 
as  well  as  as  for  scientific  purposes. 

Ehiring  his  visit  to  Europe,  too,  he  undoubtedly  learned 
much  of  the  interest  in  the  return  of  Halley's  comet,  ex- 
pected to  occur  within  a  year;  anfl  on  his  coming  back  he 
soon  began  the  construction  of  an  observator\\  He  built 
this  chiefly  at  his  own  expense,  and  partly  with  his  own 
hands;  he  even  worked  in  the  stone-quarry,  getting  out  its 
materials. 

It  is  a  quaint  little  structure,  but  well  planned  and  built 
for  its  purpose.  The  ground  plan  is  that  of  a  central  por- 
tion surmounted  by  a  dome,  with  two  wings;  verj'  much 
like  manv  observatories  then  and  now.  It  is  still  used  for 
gazing  at  the  heavenly  bodies,  and  is  useful  for  the  students 
in  a  variety  of  ways.  Its  replacement  for  scientific  purposes 
bv'  an  observatory  upon  a  new  site  is  due  to  the  situation, 
now  partly  surrounded  by  trees ;  so  that  if  the  attempt  had 
been  made  to  mount  in  it  the  beautiful  meridian  instrument 
which  Mr.  Field  gave  the  College  in  1881,  it  would  have 
lieen  necessarv  to  sacrifice  manv  of  the  ornaments  of  the 
campus.  The  authorities  were  naturally  unwilling  to  do 
this,  and  preferred  to  provide  more  room  in  a  retired  spot, 
and  Mr.  Field's  great  kindness  was  again  manifested  in  pro- 
viding the  building, — the  **  Field  Memorial  Observatory-." 
In  1869  he  had  founded  the  Professorship,  and  so  gave  Pro- 
fessor Hopkins  release  from  other  duties  in  his  declining 
years. 
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The  Hopkins  Observatory  was,  as  I  have  implied,  the  first 
in  this  country  of  a  permanent  character.  Every  such  build- 
ing previouslj'^  erected  or  arranged  for  the  purpose,  was  tem- 
porary in  its  very  nature ;  there  is  no  one  of  these  now 
standing.  Of  course  Rittenhouse,  and  that  admirable  ob- 
server, the  elder  Bond,  and  other  astronomers,  had  their  pri- 
vate observatories  in  connection  with  their  houses ;  but  our 
Professor  was  the  first  actually  to  erect  an  observatory  for 
public  purposes.  It  was  chiefly  built  in  1837,  and  dedicated 
on  June  12,  1838;  it  is  the  fiftieth  year  from  this  which  we 
now  commemorate. 

I  do  not  think  that  in  so  generously  devoting  his  savings 
to  the  College  for  this  purpose.  Professor  Hopkins  intended 
making  regular  courses  of  observation.  For  this  his  duties 
were  too  multifarious ;  his  teaching  included  at  first  all  the 
mathematics  and  natural  philosophy  of  the  course ;  and 
practical  astronomy  is  a  profession  by  itself,  usually  requir- 
ing for  its  highest  perfection  the  devotion  of  a  life-time. 
There  are  those,  it  is  true,  who  have  become  distinguished 
astronomers  while  engaged  in  other  professions, — the  musi- 
cian, William  Herschel^  the  physician,  Olbers,  the  shipmaster 
and  man  of  business,  Bowditch.  But  Professor  Hopkins  felt 
his  true  mission  to  consist  in  moulding  character  by  the 
influence,  direct  and  indirect,  of  the  religious  life;  he  was 
ever  an  active  missionarv. 

His  idea  was  rather  that  of  using  the  Observatory-  to 
make  tangible  his  teaching  of  the  science;  to  give  the  in- 
struction emphasis  and  force  by  actual  sight  where  the  ab- 
stractions were  too  deep  for  the  pupils'  minds ;  and  also  to 
interest  one  or  the  other  bright  student  to  use  the  instru- 
ments for  himself,  and  thus  awaken  slumbering  talent. 

In  the  historv  of  American  astronomv  this  first  establish- 
ment  of  a  permanent  Observaton.'  is  a  striking  landmark. 
Up  to  that  time  all  efibrts  to  establish  one  had  failed.  Peo- 
ple were  too  materially  inclined,  it  would  seem,  to  en- 
courage such  an  ideal  science.  What  w'as  known  of  as- 
tronomy seemed  far  distant.  Even  the  practical  every-day 
uses  of  the  science  were  overlooked  or  despised;  I  have  read 
a  surveyor's  petition  to  Congress,  begging  to  be  released 
from  the  requirements  to  run  due  north  and  south  lines ;  he 
lost  too  much  time  in  watching  for  the  Polar  Star  on  loggy 
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evenings;  he  thought  lines  run  in  any  direction  would  do  as 
well,  provided  they  were  tolerably  straight.  Time-pieces 
were  kept  roughW  correct  bj'  ** noon-marks"  and  other 
rude  contrivances,  and  few  felt  the  need  of  more  accurate 
subdivision. 

Cong^ress  had  sternly  set  its  face  against  the  establishment 
of  an  Observatory.  The  Coast  Survey  received  its  money  on 
condition  that  none  of  it  should  be  spent  for  any  such  x^ur- 
pose.  The  Survey  had,  it  is  true,  collected  transit  instru- 
ments and  telescopes,  with  which  observations  could  be 
made;  and  the  army  engineers  had  also  their  little  plant  of 
similar  apparatus. 

Lieutenant  Gilliss,  as  I  have  before  mentioned,  made  astro- 
nomical observations  from  1838  to  1842,  in  a  cabin  on  Cap- 
itol Hill,  and  was  enabled  to  show  more  or  less  of  his  work 
to  visiting  Congressmen,  and  tt)  dispel  in  some  degree  their 
prejudices.  In  1838,  also,  an  Observatory  was  begun  at 
Hudson,  Ohio,  under  Elias  Loomis,  who  observed  pretty 
regularly  for  several  years.  A  3'ear  or  two  later  Sears  C. 
Walker  and  E.  O.  Kendall  built  the  Central  High  School  Ob- 
servatory of  Philadelphia,  and  began  observations  and  com- 
putations. 

At  West  Point  the  need  of  an  Observator\'  was  strongly' 
felt,  and  Professor  Bartlett  went  abroad  in  1840  to  order 
instruments  and  visit  observatories.  On  his  return,  rooms 
were  provided  for  the  instruments  in  the  new  library  build- 
ing of  the  school;  in  this  we  see  the  effect  of  the  prejudice 
which  would  not  allow  a  separate  Observatory  to  be  paid 
for  out  of  public  mone\'. 

Finally,  in  1842,  Congress  authorized  the  building  of  a 
•* Depot  of  Charts  and  Instruments;**  the  present  Naval 
Observatory'  at  Washington  under  a  disguised  name.  It  is 
one  of  the  faults  of  our  s\'stem  of  government,  that  appro- 
priations are  often  made  without  a  very  distinct  knowledge 
on  the  legislators'  part  of  the  use  for  which  the  money  is  in- 
tended. The  astronomers  of  the  Observatory  were  at  first 
to  be  naval  officers;  partly  of  the  line,  lieutenants  and 
passed  midshipmen,  partly  the  so-called  professors  of  mathe- 
mathics.  These  were  a  small  corps  of  educated  men,  whose 
duties  had  been  to  go  to  sea  and  teach  the  midshipmen 
navigation ;  their  number  became  needlessly  large  when  the 
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Naval  Academy  was  founded,  and  the  midshipmen  concen- 
trated at  Annapolis;  so  that  several  of  the  "professors" 
were  ordered  to  the  Observatory.  The  corps  is  still  kept  up, 
and  has  contained  many  distinguished  astronomers. 

The  next  large  Observatory  founded  was  at  Cambridge. 
In  1843  appeared  a  remarkable  comet ;  probably  a  fragment 
of  a  much  larger  body  which  at  some  past  time  has  been 
broken  up  by  its  near  approach  to  the  sun.  It  went  within 
100,000  miles  of  the  sun's  surface,  and  was  subject  to  eno- 
mous  heat  and  powerful  attraction.  It  was  visible  in  full 
daylight,  as  was  the  comet  of  1882,  which  some  of  you 
may  remember;  probably  not  the  same  as  the  comet  of 
1843,  but  another  broken  piece  of  the  same  original  body. 
In  the  study  of  the  comet  of  1843,  Professor  Benjamin 
Peirce  was  much  interested,  and  he  used  his  great  eloquence 
to  impress  on  the  Boston  men  of  wealth  the  need  of  a  large 
Observatory. 

Some  time  before  this  Mr.  W.  C.  Bond  had  been  invited  to 
remove  to  Cambridge  with  his  instruments,  and  a  house  be- 
longing to  Harvard  College  had  been  fitted  up  for  him,  so 
that  there  might  be  an  Observatory  at  Cambridge,  and, 
nominally  at  least,  under  college  authority.  Peirce's  appeal 
was  ably  seconded  by  J.  Ingersoll  Bowditch,  son  of  Nathan- 
iel, and  himself  an  astronomer  of  no  mean  attainments,  but 
better  known  as  an  active  business  man  in  his  father's  foot- 
steps. He  has  always  shown  a  lively  interest  in  the  Obser- 
vatory and  all  scientific  enterprises  about  Boston;  and  by 
the  efforts  of  Professor  Peirce  and  Mr.  Bowditch  the  mone\' 
was  raised  for  a  great  telescope. 

The  order  was  given  in  Europe  for  a  refractor  fifteen 
inches  in  diameter,  equal  to  the  largest  then  existing.  It  is 
still  a  comparatively  large  telescope;  but  our  own  opticians, 
as  we  shall  see,  have  gone  far  beyond  its  dimensions.  The 
Harvard  College  Observatory  was  built  in  the  j^ears  before 
1846  and  the  great  telescope  came  in  1847.  A  few  3'ears 
later  the  indefatigable  Peirce  was  laying  the  scientific  found- 
ations of  the  American  Nautical  Almanac ;  while  his  increas- 
ing reputation  attracted  about  him  a  few  mathematical 
students  of  high  ability  from  various  parts  of  the  country, 
in  addition  to  his  college  pupils. 

Lieutenant  (afterwards  Admiral)  C.  H.  Davis,  a  famil3' 
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connection  of  Peirce,  was  the  one  who  succeeded  in  persuad- 
ing Confess  to  pay  for  the  calculation  of  an  American 
almanac  for  the  sailors,  and  release  us  from  a  dependence 
upon  foreign  nations,  which  might  be  troublesome  in  case  of 
war.  The  office  of  the  Nautical  Almanac  was  established — 
at  first  in  Cambridge — under  Davis's  business  management 
and  Peirce's  scientific  control. 

Meanwhile  the  Coast  Survey  had  gone  steadily  on ;  after 
Hassler's  death  it  was  placed  under  the  superintendency  of 
Professor  Bache,  of  Philadelphia,  a  great-grandson  of 
Franklin,  and  a  distinguished  graduate  of  West  Point. 
From  Franklin  he  seemed  to  have  inherited  both  scientific 
ability  and  executive  and  diplomatic  capacity  to  a  high  de- 
gree. 

(TO   BB   COKTINUBD.) 


PROPER  MOTION  OF  SOME  DOUBLE  STARS. 


F.  P.  LEA  YEN  WORTH. • 
For  The  Mbssbngbk. 

From  recent  observations  made  at  this  Observator}^  I 
find  a  number  of  Bumham's  doubles  appear  to  be  in  motion, 
while  several,  'supposed  to  be  in  motion,  appear  fixed.  Of 
these  without  doubt  iS  80  and  ^5  SH  are  moving;  the  remain- 
der are  more  uncertain  and  some,  which  are  not  included 
here  on  account  of  greater  uncertainty,  are  possibly  in 
motion. 

I  am  much  indebted  to  K.  J.  Tarrant,  H.  C.  Wilson,  N.  M. 
Parrish,  S.  W.  Bumham  and  J.  G.  Porter  for  copies  of  un- 
published measures  and  for  proper  motion  of  principal 
stars. 

The  names  of  observers  have  been  abbreviated  as  follows : 


B    denotes  Bumham. 

Cin       **      Cincinnati  Ob9er\'er9. 

De         **       Dembowski. 

HI         **      Asaph  Hall. 

L           "       F.  P.  Leavenworth. 

Mc  denotes  McCormick  Obseri-ers. 
Mor      •*       Morrison  Observers. 
T           "       K.  J.  Tarrant. 
W          ♦*       H.  C.  Wilson. 

,j395.    Oh  Sim    —25^26'.- 

X<>.  <>f                                                                                No.  of 
yr.                  ""                 "            Ob«.                        jr.                 °                 "            Obs. 

76             135     ±     0.5    ±    —     B           86             lO-t.7       0.65         2      Mc 

79.72        336.6       0.31         —     Cin        88.87        107.2        0.66         2       L 

•  Director  of  the  Havcrford  College  Observatory 
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The  Cincinnati  measure  does  not  seem  to  have  been  pub- 
lished in  the  Cincinnati  Publications.  The  double  is  no 
doubt  a  binary,  as  otherwise,  proper  motion  would  in  the 
interval  1886-88  change  the  distance  some  2.8". 


,5  4. 

lb  11m    +10°  58'. 

No.  of 

No.  of 

yr. 

o 

// 

Obs. 

vr.                 o 

Obs. 

75.6 

68 

De         86.71          74.2 

0.43 

Mc 

79.66 

119.1 

0.52 

1 

Cin       88.83          61.0 

0.41         3 

L 

80.06 

77.2 

0.53 

4 

B 

The  motion  of  this  difficult  pair  is  doubtful.  With  the 
10-inch  glass  of  this  Observatory  and  the  highest  power 
400,  it  is  barely  elongated.  Its  distance  can  hardly  be 
greater  than  0.4''.  With  the  26-inch  at  the  McCormick  Ob- 
servatory and  a  high  power,  it  is  an  easy  object  on  a  good 
night.  The  observation  of  86.71  is,  no  doubt,  much  more 
accurate  than  that  of  88.83. 


/5  8. 

2hlom    +8°  20'. 

vr. 
7o.30 

o 

200.5 

No.  of 
Obs. 
0.96        4 

yr. 
De         88.88        207.8 

No.  of 
Obs. 
1.06        2 

L 

80.92 

204.3 

0.90        1 

,5  83. 

B 

2/i40/n    —5°  28'. 

yr. 
76.02 

o 

121.3 

No.  of 
"        Obs. 

1.40        4 

yr. 
De         86             115.8 

No.  of 
Obs. 
,  0.98        6 

Mc 

77.91 

122.2 

1.00        3 

,5  89. 

Cin        88.87        109.2 
oh  31m    — 1°30'. 

1.00        2 

L 

75.68 

o 

344.2 

No.  of 
Obs. 

0.55  ?      3 

yr. 
De         79.61            2.0 

No.  of 
Obs. 

0.73        5 

B 

78.40 

356.1 

0.81        3 

Cin        88.47            0.7 

0.89        2 

L 

The  first  measure  is  very  poor,  the  individual  observations 
differing  as  much  as  12°.  If  this  were  rejected  the  remain- 
ing measures  would  agree  fairly  well.  However,  it  is  pos- 
sible that  Dembowski's  measure  is  approximately  correct, 
and  that  the  distance  was  smaller  when  measured  by  him 
than  it  now  is. 

^5  916.    llhSm    —14°  47'. 

No.  of  No.  of 

yr  ^  "        Obs  yr  °  "        Obs. 

80.33  8.1  i'       Mor      86.31        3574        0.80        1        \V 

83.26  7.0        0.5  1        W  88.16       357.4       0.65        1        L 

^5  929.    12/1  58m    —  3°  1'. 

No.  of  No.  of. 

yr.  ""  "       Obs.  yr.  «  "       Obs. 

79.40        229.4       0.48       3        B  88.32        221.6       0.62        2        L 

88.25       219.1        0.54       5       T 


Proper  Motion  of  Some  Double  Stars.  79 

The  Cape  Catalogue  gives  a  proper  motion  Ja  —  0.004s,  Jd 
—  0.03",  which  does  not  explain  the  change  in  position 
angle. 

^5106.    14/1  43m    —13°  39'. 

No.  of  No.  of 

yr.  °  "        Obs.  yr.  °  "       Obs. 

75.60        335.0        1.38        5        De         86.39        337.2        1.52        4        T 

78.47        334.9        1.86        5        Cin        88.35        339.9        1.63        3        L 

85.28       337.0        1.56        1        W 

Position  angle  seems  to  be  increasing  at  the  rate  of  0.4° 
per  year. 

^5  239.    14/i52m    —27^10'. 

No.  of 
yr.  °  "       Obs.  yr. 

74.50        123.7        0.8  5        B  80.90 

80.05        128.3        0.90        6        Cin        88.43 

The  earlier  observations  give  indication  of  motion  but  the 
last  one  makes  it  doubtful. 

^5119.    14/1 59m    -6°  33'. 

No.  of  No.  of 

▼r.                °                   "       Obs                            yr.  °  "       Ob« 

7o.90       313.0        1.51        4*  De         87.89  307.4  1.58        7        T 

78.60       311.1        1.41        r>  Cin        88.45  306.2  1.60        2        L 

There  seems  to  be  a  retrograde  motion  in  position  angle  of 
0.5°  per  year. 


No.  of 

o 

Obs. 

131.9 

0.99        6 

B 

128.3 

0.95        1 

L 

^120. 

A  B  IGh  5m    - 

-19 

°9'. 

No  of 

No.  of 

vr. 

o 

Obs. 

yr. 

o 

Obs. 

74.40 

357.7 

6 

B 

80.58 

6.0 

0.73      15 

B 

76.35 

0.0 

0.73      1 3 

De 

84.40 

3.4 

0.5           1 

W 

78.70 

2.0 

0.80      11 

Cin 

86. 

7.2 

0.65 

Mc 

79.59 

5.3 

0.74        1 

HI 

87.63 

5.4 

1.00        5 

T 

80.54  0.9        0.54        6       Mor      88.39  4.6        0.80        3        L 

Probably  a  slight  increase  in  position  angle.  The  differ- 
ences may  be  due  to  accidental  errors  of  observation.  This  is 
more  likelv  as  the  errors  are  large ;  no  doubt  on  account  of 
the  closeness,  brightness,  and  southern  declination  of  the 
star. 


,5  631. 

17/1  34m    —0^35'. 

• 

79.55 

253.0 

No.  of 
Obs. 

0.39        4 

B 

yr. 
88.51        "238.8 

No.  of 
Obs. 

0.40         3 

L 

Other  observations  are 

needed  to  confirm  this  change. 

,5  142. 

19/i22m    -12^23'. 

yr. 
74.08 

o 

317.7 

No.  of 
Obs. 
1.38        5 

De 

yr. 
86.             327.6 

No.  of 
Obs. 
1.68        1 

Mc 

78.89 

319.6 

1.37        6 

Cin 

88.53        328.0 

1.59        3 

L 

82.53 

324.4 

1.68        2 

W 

88.70        326.3 

1.47        3 

T 

Motion  very  probable. 
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^?80. 

23/2 13m    -f4° 

45'. 

No.  of 

H 

No.  of 

yr. 

o 

// 

Obs. 

yr- 

o 

»f 

Obs. 

75.80 

300.4. 

1.07 

4 

B  * 

86. 

316.1 

0.48 

1 

Mc 

77.79 

306.1 

1.24 

2 

88.76 

319.6 

0.84 

3 

L 

81.69 

312.2 

0.91 

3 

B 

Position  angle  changing  at  the  rate  of  1.5°  per  year.  The 
distances  are  very  discordant.  There  can  be  little  doubt  of 
its  binary  nature,  as  the  proper  motion,  according  to  Arge- 
lander,  is  0.56''.  Mr.  Bumham  in  Washburn  Publications 
first  called  attention  to  the  motion  of  this  double  star. 


CURRENT  INTERESTING  CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury  during  the  latter  part  of  February  and  the  first 
part  of  March  will  rise  about  an  hour  before  sunrise,  in  this 
latitude,  but  will  not  reach  a  suflScient  altitude  in  that  time 
for  good  observations.  He  will  be  at  greatest  elongation, 
27°  53'  west,  from  the  sun  March  13.  There  will  be  no 
bright  stars  in  the  vicinit\^  of  Mercury'  so  that  there  can  be 
no  mistake  in  identif\'ing  the  planet,  if  it  be  seen  at  all,  in 
the  morning  twilight  near  the  southeast  horizon. 

Venus  will  be  at  greatest  elongation  east  from  the  sun,  46^ 
36',  February  18,  setting  then  over  four  hours  later  than  the 
sun.  The  phase  then  will  be  slightly  gibbous,  0.514  of  the 
disk  being  illuminated.  This  month  and  the  next  will  be  the 
most  favorable  for  examining  the  surface  of  Venus,  and 
every  eftbrt  should  be  made  to  discover  any  permanent 
markings  and  determine  the  rotation  period  of  the  planet. 
The  diameter  of  the  disk  will  be  24.6",  Feb.  15  and  34.6" 
March  15. 

Mars  is  still  visible  in  the  evening  twilight  but  is  so  far 
from  the  earth  that  nothing  of  detail  can  be  seen  on  his  sur- 
face. Some  excellent  maps  of  this  planet  by  Schiaparelli 
have  been  published  in  the  last  number  of  UAstronomie 
(January,  1889.) 

Jupiter  may  be  seen  in  the  southeast  in  the  morning,  rising 
three  hours  before  the  sun.  He  is  in  the  constellation  of 
Sagittarius  and  is  brighter  than  any  of  the  surrounding 
stars. 
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Saturn  maj'  now  be  observed  during  the  whole  night,  the 
best  hours  being  from  8  o'clock  to  midnight.  To  find  Sat- 
urn at  8  o'clock  look  toward  the  east  about  half  wav  from 
the  horizon  to  the  zenith;  the  brightest  object  is  Saturn, 
whose  steady,  j-ellow  light  is  easily  recognized.  Below  Sat- 
urn is  the  well  known  group,  the  Sickle,  a  part  of  the  con- 
stellation Leo.  The  elevation  of  the  plane  of  Saturn's  rings 
above  the  earth  is  increasing  slighth'  at  present,  being  now 
15^,  so  that  the  rings  are  coming  into  better  position  for  ob- 
ser\'ation.  The  outer  major  axis  of  the  rings  is  a  little  over 
45".  Saturn  will  be  in  conjunction  with  the  moon,  1°  south, 
at  midnight  March  13. 

Uranus  mav  be  found  in  the  east  after  10  o'clock  p.  m.  in 
the  constellation  of  Virgo  about  3^  north  of  Spica. 

Neptune  is  past  the  best  point  for  observation  this  year, 
but  may  still  be  seen  with  a  telescope  of  sufficient  power 
until  nearh'  midnight. 

MERCl'RY. 

K.  A.  Dccl.  Ri»c!i.  Transits.  Sets. 

hm  hm  hm  hm 

Feb.  24 21  ll».r>  —12  54  5  49  a.m  11  0(».."»  a.m.  4  12  p.m. 

Mar.  1 21  lU.r*  —14  or,  5  84  *»  lo  40.s    -  a  47  ** 

5 21  2«>.r»  —14  27  5  27  **  10  82.0    ''  8  87  " 

10 21  41.«  —14  14  r>  21  '*  10  27.4     '  H  88  * 

lo 22  01.7  -18  10  5  1«  *•  lo  27.8     *  8  8W  * 

VENTS. 

Feb.  24 1  21.2    -J-11  OS       H  18  a.m.         8  01. r»  p.m.       0  .V)  p.m. 

Mar.  5 1  51.1     -4-15  02        7  51     *•  2  55.S    -        lo  (K)     * 

15 2  20.5    H-ls  40        7  24    "  2  45.H     *•        lo  OS    '* 

MARS. 

Feb.  24 0  21.7    -f-  1  51        7  52  a.m.         2  02.2  p.m.       H  18  p.m. 

Mar.  5 O  4«5.7    4-  4  8S        7  80     •  1  r,l.«>    -  8  18    *' 

15 I  14.8    -   7  87        7  00      *  1  81».!)    •*  H  14    - 

jrPITER. 

Feb.  24 IS  18.0    —28  05        8  80  a.m.        7  55.8  a.m.      12  20  p.m. 

Mar.  5 is  lO.S    —28  08        8  00    ••  7  25.0    '•         11   51  .v.m. 

15 IS  25.8    —28  01        2  28      •  0  4n.7    *'         11  14    " 

S.^TIK.N. 

Feb.  24 U  12.H    -4-17  21        8  87  p.m.       10  51  .S  p.m.       0  07  a.m. 

Mar.  5 U  10.8    -H7  82        2  5S     •  lo  18.0    -  5  80     • 

15 Oos.O    4-17  42        2  10    ••  0  82.8    *•  4  40    •* 

rRA.xrs. 

Feb.  24 18  20.7   —  7  40       0  20  p.m.         2  50.0  a.m.       S  .82  a.m. 

Mar.  5 18  10.7   —  7  48       s  5o    "  2  22.7    '*  7  55    *• 

15 18  IS.4    —  7  85        s  OO     •  1  42.0      *  7  15      ' 

XEPTIXK. 

Feb.  24 8  51  .o   -uis  27     lo  11  a.m.         5  80.0  p.m.     12  51  a.m. 

Mar.  5 8  51.5    h-1s  20       0  80     *  4  5r».o     •        12  10    ** 

15 8  52.2    -f  IS  82       s  57     •  4  17.4    *'        11  8s    '• 
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THE  SUN. 

R.  A.  Decl.  Rises.  Transits.  Sets, 

hm  hm  hm  hm 

Feb.  24 22  ^2.5  —  9  11   G  46  a.m.  12  13.3  p.m.  5  40  p.m. 

Mar.  1 22  51.4  —  7  18   6  38  "  12  12.4  **  5  47  ** 

5 23  06.2  —  5  45   6  31  "  12  11.5  "  5  52  *' 

10 23  24.7  —  3  48   6  22  "  J  2  10.3  "  5  59  '* 

15 23  43.0  —  I  50   6  00  *»  12  08.9  "  6  09   • 


Occultations  Visible  at  Washington. 

IMMERSION.  EMERSION. 

Star's          Mag^i-  Wash.  Atij^Ie  fm        Wash.  Angle  fm  Dura- 
Date.              Name.             tude.  Mean  T.  N.  P't.  Mean  T.  N.  P't.  tion. 

hm  o             hm                 o  hm 

Feb.  23    58  Ophiuchi        5V^  15  01  90  16  00  302  1  00 

Mar.  8    B.  A.  C.  1468     6V2  8  32  125           9  30  219  O  57 

8    iTauri                 5M!  11  28  130  12  10  221  O  42 

11     63  Geminorum*  5 V2  12  50  89  13  47  293  O  57 

Phases  of  the  Moon.  Central  Time. 

d      h    m 

Last  Quarter Feb.  22     5  55  p.m. 

New  Moon Mar.   1     4  01p.m. 

First  Quarter "       9  11  59  a.m. 


Elongations  and  Conjunctions  |of  Saturn's  Satellites. 

[Central    Time;    E  — Eastern  elongation,    W=  Western  elongation,    S  =  Superior 

conjunction,  I-  Inferior  conjunction.} 


JAPETUS. 

Feb.  17,  W        March  8,  S 

TITAN. 

d      h 

d      h 

d 

h 

Feb. 

18,     2  A.  M.     I 

Mar.    1,     MIDN. 

E 

Mar.  13 

,  10  P.  M. 

S 

22,    1  A.  m.    W 

5,  11  P.  M. 

1 

25,      MIDN.         S 

9,  10  P.M. 

RHEA. 

VV 

d      h 

d      h 

d 

h 

Feb. 

17,  12.1  A.  m. 

E 

Feb.  26,  12.6  a.  m. 

E 

Mar.    7, 

1.2  A.  M. 

E 

21,  12.4  p.  m. 

E 

Mar.    2,  12.9  P.  .M. 

DIONE. 

E 

11, 

1.5  P.  M. 

E 

d      h 

d        h 

d 

h 

Feb. 

18,  12.9  a.  m. 

E 

Feb.  28,  11.5  p.  m. 

E 

Mar.    9, 

4.4  A.  M. 

E 

20,    6.5  p.  m. 

E 

Mar.    3,    5.1  p.  m. 

E 

11, 

10.1  P.  M. 

E 

23,  12.2  p.  m. 

E 

6,  10.8  a.  m. 

E 

14, 

3.7  P.  M. 

E 

26,    5.8  A.  M. 

E 

TETHYS. 

d       h 

d       h 

d 

h 

Feb. 

17,  10.9  A.M. 

E 

Feb.  26,    9.4  p.  m. 

E 

Mar.    8, 

7.8  A.  M. 

E 

19,    8.2  a.m. 

E 

28,    6.6  P.  M. 

E 

10, 

5.1  A.  M. 

E 

Zi  \  ,      0.0  A.  M. 

E 

Mar.    2,    3.9  p.  m. 

E 

12, 

2.4  A.  M. 

E 

23,    2.8  A.  M. 

E 

4,     1.2  P.  M. 

E 

13, 

11.7  p.m. 

E 

25,  12.1  A.M. 

E 

6,  10.5  A.  M. 

E 

15, 

8.9  p.  M. 

E 

Ephemeris  of  Comet  e  1888  {Barnard  Sept.  1^.)  From  the 
second  series  of  Elements  of  Berberich  as  given  in  A.  N. 
2862, 1  have  computed  the  following  ephemeris : 


•  A  multiple  star. 
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1^ 

R.  A. 

Decl. 

log.  r 

log.  J 

18H!>  .Inn.  1.5 

n 
0 

m 
17 

8 

0 

-7 

17.1 

0.2070 

0.24(58 

8.5 

18 

29 

—  7 

10.0 

0.20(i4 

0.2578 

5.5 

10 

10 

—  7 

8.0 

0.2058 

0.2690 

7.5 

7 

8 

—  0 

5(5.2 

0.2048 

0.2798 

9.5 

4 

20 

—  0 

48.5 

0.2038 

0.2908 

11.5 

0 

1 

47 

—  0 

40.5 

0.2025 

0.8005 

18.5 

28 

59 

27 

—  (> 

82.2 

0.2017 

0.8108 

15.5 

57 

19 

—  0 

28.7 

0.2010 

0.3197 

17.5 

55 

22 

—  0 

15.1 

0.2004 

0.8288 

19.5 

58 

84 

—  0 

0.8 

0.2598 

0.8875 

21.5 

51 

50 

—  5 

57.4 

0.2594 

0.8459 

28.5 

50 

20 

—  5 

48.8 

0.2590 

0.8540 

25.5 

49 

4 

—  5 

89.1 

0.2587 

i).8(517  * 

27.5 

47 

50 

—  5 

29.8 

0.2585 

0.3(591 

29.5 

4« 

41 

—  5 

20.5 

0.2584 

0.8762 

81.4 

45 

89 

—  5 

112 

0.2584 

0.8289 

Feb.  1.5 

28 

45 

10 

mm 

0.5 

0.2584 

0.8862 

8.5 

44 

1(5 

—  4 

57.0 

0.2585 

0.8925 

5.5 

. 

48 

27 

—  4 

47.5 

0.2587 

0.8985 

7.5 

42 

48 

—  4 

88.0 

0.2590 

0.4042 

9.5 

42 

2 

-4 

28.4 

0.2598 

0.4096 

11.5 

41 

25 

—  4 

18.8 

0.2598 

0.4147 

18.5 

40 

52 

—  4 

9.8 

0.2008 

0.4195 

15.5 

40 

22 

-8 

59.7 

0.2009 

0.4241 

17.5 

89 

54 

—  8 

50.1 

0.2010 

0.4284 

19.5 

89 

29 

—  8 

40.5 

0.2624 

0.4324 

21.5 

89 

0 

—  8 

80.9 

0.2(538 

0.4361 

28.5 

8rt 

45 

—  8 

21.8 

0.2(542 

0.489(5 

25.5 

88 

27 

—  8 

11.7 

0.2(552 

0.4428 

27.5 

88 

9 

—  8 

2.1  • 

•   0.26(58 

0.4458 

The  light  of  the  comet  is  climinishing  so  slowly  that  it  will 
be  visible  for  a  long  time  to  come.  o.  c.  wendell. 

Harvard  College  Observator\',  1889,  Jan.  12. 


Note  on  the  279th  Asteroid,  The  circular  of  the  Berlin  As- 
tronomical Year  Book,  No.  332,  has  just  brought  me  the 
elements  of  this  recently  discovered  member  of  the  planetary 
cluster  between  Alars  and  Jupiter.*  These  results,  calcu- 
lated by  H.  Lange  from  the  observations  of  Oct.  25,  Nov. 
9  and  Nov.  27,  have  the  following  points  of  interest : 

1.  The  orbital  plane  is  nearly  coincident  with  that  of  the 
ecliptic ;  the  inclination  being  only  2°24'. 

2.  The  eccentricity  is  0.1762. 

3.  Its  mean  distance,  4.268,  is  twice  that  of  No.  149,  the 
•  innermost  of  the  group;    its   aphelion   distance,    5.02,    is 

nearly  the  same  as  the  present  perihelion  of  Jupiter. 

4.  This  asteroid  is  exterior  to  the  space  in  which  the 
period  of  a  planet  would  be  to  that  of  Jupiter  in  the  ratio 
of  2  to  3 ;  a  ratio  of  the  first  order. 


*  I  an  At  pment  without  acocus  to  astronomical  work«. 
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5.  The  breadth  of  the  zone,  from  the  innermost  perihelion 
to  the  aphelion  of  No.  279,  is  equal  to  the  entire  interval  be- 
tween the  orbits  of  Mars  and  Jupiter. 

6.  The  period  is  3220  days  =  8.817  years. 

7.  As  the  279th  asteroid  may  approach  indefinitely"  near 
to  Jupiter,  the  question  of  its  perturbation  is  one  of  great 
interest.  Is  its  motion  stable,  or  are  the  form  and  dimen- 
sions of  its  orbit  liable  to  great  variations  ? 

DANIEL  KIRKWOOD. 

,  Riverside,  California,  Jan.  1,  1889. 


Discovery  of  Comet  Brooks — a  of  1889.  While  sweeping 
the  eastern  heavens  this  morning  as  near  as  possible  to  the  sun, 
I  discovered  a  new  comet,  in  Right  Ascension  18A  4in ;  decli- 
nation south  21°  20'.  It  is  a  faintish,  nearly  round  nebu- 
losity, with  slight  central  condensation.  I  caught  it  in  the 
short  interval  between  the  disappearing  moon  and  the  com- 
ing dawn.  I  had  but  a  few  minutes  to  do  my  work,  but 
fortunately  the  comet  was  in  a  well  marked  field  of  stars  so 
that  its  motion,  which  I  found  to  be  rather  rapid  westerly, 
was  detected  in  a  few  minutes  of  intent  gazing,  as  the  day 
dawn  extinguished  th'e  light  of  the  comet. 

WILLIAM  R.  BROOKS. 

Smith  Observatory,  Geneva,  N.  Y.,  Jan.  15,  1889. 


Comet  1888  Y  (/,'  Barnard,  Oct.  30).  I  have  computed  the 
following  ephemeris  from  elements  published  in  the  Astro- 
nomical Journal,  No.  187,  upon  observations  of  November 
1,11,  21,  December  1,  13. 

The  equatorial  heliocentric  co-ordinates  referred  to  1889.0 
are: 


A'  = 
Z  = 


sin-  V2V  sin  (174°  3'35^2  +  v) 
sin'  V2  V  sin  (   69  41  51   .2  +  r) 
0.002992>  sin'  V2V  sin  (314  57     2   .6+v) 


0.102603 
0.157478 


Ephemeris  for  Greenwich  mean  midnight : 

18H9  h    m    s  ""      '             log.  r            loi^.  J            L. 

Jan.     U  10  23  Vi  +  7  22.4      O.lUHo         0.1452        0  02 

11  21  TxS  8  28.1 

1;;  20  ;j()  J>  .•J4.(i        .3r)0G            .1440          .00 

].-»  II)     7  10  41.0 

17  17  80  1140.(1    ..•^577     .1444    .87 

10  lo  48  12  57.0 

21  V^  50  14  5.7    .;i047     .14GG    .83 

23  12  5  15  13.0 
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1889 

h 

m  s 

O    ff 

log.  r 

log.  J 

L. 

Jan.  25 

10  10  5 

1(5  21.1 

.3717 

.1500 

.79 

27 

8  1 

17  27.9 

21) 

5  54 

18  33.8 

.3785 

.1 5(54 

.75 

31 

:\  45 

19  38.(5 

Feb.  2 

10 

1  no 

20  42.2 

.3854 

.1(;40 

.70 

4 

9 

59  15 

21  44.2 

(> 

50  59 

22  44  5 

.3921 

.1734 

.(55 

8 

54  43 

23  43.0 

10 

52  27 

24  39.5 

.3988 

.1844 

.(50 

12 

50  12 

25  33.9 

14 

47  59 

2(J  2(J.l 

.4054 

.19(58 

.55 

10 

45  48 

27  KJ.O 

IH 

43  40 

28  3.7 

.4120 

.2104 

.50 

20 

41  35 

28  49.1 

22 

39  35 

29  32.1 

.4184 

.2250 

.45 

24 

37  40 

30  12.8 

20 

35  49 

30  51.2 

0.4248 

0.2404 

0.41 

28 

9 

34  4 

+31  27.3 
Light  on  So\ 

.1=1 

\v.  c.  w. 

Seven  Eclipses  in  One  Calendar  Year.  As  a  result  of  an 
investigation  suggested  by  Mr.  F.  H.  Burgess*  communication 
in  the  SroEREAL  Messenger  for  January',  I  find  two  calendar 
years  of  this  century  within  which  there  were  seven  eclipses : 
1805  and  1823. 

The  series  for  1805  is  as  follows  : 


DATE.  KOLIPSE. 

Julv  1 1 Moon. 

Julv  20 Sun. 

Dec.  20-1 Sun. 


DATE.  ECLIPSE. 

Jan.  1 Sun. 

Jan.  15 Moon. 

Jan.  30 Sun. 

June  26-7 Sun 

It  isw^ell  known  that  eclipses  repeat  themselves  in  a  period 
of  eighteen  y^earsand  ten  or  eleven  days,  known  asthe  Saros. 
Accordingly,  if  we  carry  forward  the  above  set  of  eclipses 
one  period  bj'  adding  eighteen  years  and  eleven  da^'s,  we 
obtain  a  repetition  of  them  : 

DATE.  ECLIPSE.  DATE.  ECLIPSE. 

lH23Jan.  12 Sun.       1S23  |ulv  23 Moon. 

**    Jan.  26 Moon.  *•    \\u^.  (> Sun. 

•*     Feb.  11 Sun.       Is24jan.  1 Sun. 

••    July  8 Sun. 

Examining  more  closely  the  time  of  the  last  eclipse,  it  will 
be  seen  that  its  beginning  occurred  at  53  minutes  past  5 
o'clock  (Greenwich  mean  time)  on  the  morning  of  Jan.  1, 
1824.  If  the  day  begins  at  ISO'"  from  Greenwich,  at  all 
places  between  88°  15'  {—  oh  53/71)  and  180°  longitude  west 
from  Greenwich,  the  eclipse  began  before  midnight  (local 
time)  of  Dec.  31st;  /.e.at  these  places  seven  eclipses  occurred 
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within  the  calendar  year.  It  may  appear  ungracious  to 
note  that  there  will  be  no  eclipse  on  Feb.  24, 1895,  as  stated 
by  Mr.  Burgess;  more  particularly  so,  as  by  using  that  date 
as  a  starting  point  and  carrj-ing  back  his  series  five  periods 
(90  years  and  54  days),  I  was  able  to  obtain  the  above  in- 
formation. The  Saros  does  not  admit  of  an  exact  applica- 
tion without  the  necessary  calculations.  I  cannot  speak 
positively,  but  am  lead  to  believe  that  there  will  be  an 
eclipse  of  the  sun  July  18,  1917.  If  so  seven  eclipses  in  one 
calendar  year  will  next  occur  in  1917. 

We  came  within  an  ace  of  having  seven  eclipses  in  185^; 
but  to  explain  would  trespass  still  more  on  your  valuable 

space.  R.   W.   PRENTISS. 

Washington,  D.  C,  Jan.  10,  1889. 


Answer  to  Query  19,  The  full  moon  runs  high  in  winter 
and  low  in  summer  for  two  reasons.  First,  because  we  are 
in  the  earth's  northern  hemisphere.  This  causes  the  moon 
to  run  high  when  north  of  the  celestial  equator,  and  low 
when  its  declination  is  south.  Secondlv,  the  sun  and  moon 
both  move  nearly  in  the  ecliptic,  and  a  full  moon  can  onl3' 
occur  when  that  body  is  in  the  opposite  part  of  the  heavens 
from  the  sun.  Consequentl3^  in  winter,  when  the  sun  is  south 
r»f  the  equator,  the  full  moon  must  appear  to  **run  high." 
In  summer  the  positions  of  the  two  bodies  are  reversed,  the 
sun  being  in  north  and  the  full  moon  in  south  declination; 
therefore  the  latter  **nms  low.'*  This  applies  only  to  the 
northern  hemisphere  of  the  earth,  as  in  southern  latitudes 
the  conditions  are  contrarv.  There  the  full  moon  **runs 
high  *'  in  summer  and  low  in  winter. 


«  « 

* 


Query  20.  Are  the  satellites  of  Mars  of  meteoric  origin, 
or  will  the  Nebular  Hypothesis  account  for  them  ?    L.  F.  c. 

21.  What  is  the  cause  of  the  polar  filaments,  so  called,  in 
the  corona  of  the  sun  as  seen  in  the  January'  eclipse?    p.  w. 

22.  The  papers  say  that  some  observers  at  the  late  total 
solar  eclipse  saw  what  they  call  shadow  bands  in  motion 
during  totality.    What  are  they,  and  what  caused  them  ? 

23.  What  are  the  relative  merits  of  reflecting  and  refract- 
ing telescopes  of  the  same  aperture?  a.  b.  d. 
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The  all  absorbing  topic  of  the  last  month  has  been  the 
eclipse  of  Jan.  1,  and  judging  from  the  letters  and  reports 
already  in  hand  opportunities  for  study  of  it  were  excep- 
tionally good  and  the  results  obtained  very  encouraging. 


January  28,  this  later  report  was  received  from  Professor 
H.  S.  Pritchett,  Obser\'atory  of  Washington  University,  St. 
Louis.  He  says:  '*I  took  with  me,  as  you  perhaps  know, 
one  of  the  6-inch  equatorial  cameras  belonging  to  the  gov- 
ernment. Professor  Engler  and  Professor  Nipher  of  Wash- 
ington University  accompanied  me  and  also  Professor  Char- 
roppin  of  the  St.  Louis  University  as  photographer.  We 
secured  excellent  observations  of  all  the  contacts  except  the 
first,  and  six  fine  negatives  of  the  corona.  The  negatives 
show  a  great  deal  of  detail.  The  polar  filaments  are  veiy 
strongly  marked.  Observing  the  coronal  streamers  with 
the  aid  of  a  disc  sixty  feet  away  Senor  Yalle,  who  also 
joined  my  party,  was  able  to  trace  them  three  degrees  from 
the  sun.    Hope  to  send  you  a  complete  report  later.** 


The  Eclipse  of  the  Moon  on  the  night  of  January  16  was 
observed  at  Carleton  College  Observatory'.  The  night  was 
cold  and  windy,  and  thin  clouds  were  continually  passing. 
Nothing  of  peculiar  interest  was  noticed  in  the  aspect  of  the 
lunar  surface  during  eclipse.  Four  photographs  were  taken, 
two  at  the  maximum  phase,  and  two  near  the  end  of  the 
eclipse. 

Brilliant  Venus.  Some  friend,  having  the  initials  P.  B.  S., 
claims  to  have  seen  Venus  with  the  naked  eye  Jan.  1  and  14, 
at  the  hours  respectively  of  half  past  one  and  half  past  twelve 
in  the  afternoon.  This  may  be  possible,  but  it  is  also  cer- 
tainh'  true  that  our  friend  has  unusual  powers  of  vision. 
As  Venus  nears  the  earth,  this  month  will  afford  excellent 
opportunity  for  observation. 

Professor  Brooks,  director  of  the  Smith  Observatory,  Ge- 
neva,  N.  Y.,  secured  the  first  contact  of  the  eclipse  of  Jan.  1, 
1889,  at  4h  31m  5s,  standard  Eastern  time.  The  sun's  disc 
was  conspicuously  notched  as  it  sank  below  the  horizon. 
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Professor  John  G.  Hagen,  S.  J.,  formerly  of  the  Observa- 
tory of  the  College  of  the  Sacred  Heart,  Prairie  du  Chien, 
Wis.,  has  been  recently  called  to  the  directorship  of  the  Ob- 
servatory of  Georgetown  College,  Washington,  D.  C.  His 
great  interest  in  practical  astronomy  has  been  evinced  by  his 
work  in  connection  w^ith  the  Washburn  Observatory,  his  in- 
dependent observations,  and,  not  least,  by  his  thoughtful 
communications  to  the  Messenger.  We  wish  him  abun- 
dant success  in  his  new  position,  as  he  richly  deserves. 


H,  P.  Tuttle,  of  Washington,  D.  C,  has  been  giving  some 
attention  to  the  observation  of  comets  recently,  with  the 
9.6-inch  equatorial  of  the  Naval  Observatory.  Comet  flSSS 
he  could  easily  see  in  a  2.6-inch  field,  but  finds  it  difHcult  to 
observe  with  bright  wires. 


On  the  day  of  the  total  solar  eclipse,  the  first  contact  was 
well  observed,  but  at  the  same  time  a  bank  of  clouds  was 
seen  in  the  west  that  started  our  fears.  The  clouds  soon 
covered  the  sun,  and  it  seemed,  more  and  more,  as  if  the 
whole  period  of  totality  would  be  lost.  However,  a  few- 
minutes  before  the  113  seconds  of  totality  began,  to  the 
joyful  surprise  of  the  Carleton  party,  the  dense  cloud  broke 
away  very  suddenly,  and  the  total  phase  was  seen  in  a  fairly 
good  sky.  We  then  remembered  the  kind  words  said  to  us 
before  by  the  Chico  friends:  **We  have  been  praying  for 
you  to-day.*'  Others  may,  but  we  do  not  doubt  the  help 
of  prayer  in  the  success  w^e  enjoyed.  This  is  one  of  the 
ways  in  which  the  Almighty  works. 


John  Tatlock,  Jr.y  care  of  North  River  Safe  Deposit  Co., 
187  Greenwich  Street,  New  York,  U.  S.  A.,  requests  that 
those  astronomers  who  secured  observations  of  the  occulta- 
tions  of  'it  Tauri  by  the  moon  between  the  dates  of  Sept.  10, 
1884,  and  March  18,  1888,  inclusive,  will  kindW  send  to  him 
copies  of  the  records  of  such  observations  together  with  full 
particulars  essential  to  the  reduction  thereof 


Reflectors  vs.  Refractors.  An  interested  young  observer 
has  raised  the  question  of  the  comparative  merit  in  defining 
power  between  a  reflecting  and  a  refracting  telescope.    We 
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give  below  a  portion  of  his  letter  for  the  help  it  may  secure 
him  from  others  in  similar  work.  **  I  have  a  reflector  of  9V^ 
inches  aperture  and  6  feet  9-inch  focal  length,  which  I  have 
been  using  for  the  past  year  ...  As  test  objects,  I  have  ob- 
served Y^  Andromedse  in  steady  air,  and  it  was  distinctlj^ 
divided,  so  that  a  friend  and  myself  each  made  independent 
drawings  which  corresponded  with  the  one  sent  me  by 
Professor  C.  A.  Young  of  Princeton.  The  small  star  5Vi 
min.  following  Procyon  was  easily  divided.  The  globular 
cluster  in  Hercules  (M.  13)  was  resolved  beautifully,  looking 
exactly  like  the  drawing  in  Chambers'  astronomy 

"If  any  of  j'our  numerous  readers  who  have  refractors  of 
9Vi-inch  aperture  and  of  the  best  make,  will  kindly"  send  me 
some  test  object  either  (m  the  moon,  planets,  or  some 
close  double,  I  will  tr>'  and  prove  how  close  the  comparison 
can  be  made  between  the  two  instruments. 

**  Hoping  I  have  not  trespassed  too  long  on  your  valuable 
time,  I  am,  a.  b.  depi'v. 

216  North  Sixth  Street,  Camden,  N.  J. 


Mr.  Stark's  Observatory,  We  have  onl^-  recently  learned 
of  Mr.  H.  P.  Stark's  private  Observatory^  at  Syracuse,  N.  Y. 
His  telescope  has  a  Spencer  objective  of  5-^^  inches  aperture, 
and  equatorial  mounting.  His  observatory  is  provided 
\vith  a  revolving  dome  twelve  feet  in  diameter,  and  is  con- 
venientlv  and  favorablv  located  for  observation. 

The  Iowa  College  Observatory  at  Grinnell,  la.,  is  soon  to 
have,  if  not  already  in  possession,  one  of  the  Fauth  transit 
instruments  of  3  inches  clear  aperture  with  modern  improve- 
ments. Professor  S.  J.  Buck,  who  is  now  in  charge  of  the 
new  Observator\%  has  been  working  industriously  to  obtain 
a  good  working  outfit  and  he  has  been  very  successful  accord- 
ing to  late  advices.  He  has  secured  a  Fauth  chronograph, 
has  recently  finished  a  new  brick  transit  house  and  has  a 
sidereal  clock  in  place  and  running.  His  mean  time  clock 
has  alreadv  been  ordered.  Roth  are  bv  the  Seth  Thomas 
Clock  Company.  From  what  he  says  we  know  Professor 
Buck  is  very  happy  in  the  pros])ect  of  using  these  fine  instru- 
ments. We  hope  he  will  use  the  grand  illustrations  of  prac- 
tical and  observational  astronomy  to  enforce  spiritual  truth 
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that,  as  a  minister  of  the  Gospel,  he  loves  to  proclaim  on 
Sunday.  No  field  of  science  is  so  full  of  fresh  and  unused 
material  as  this. 


The  Leander  .McCormick  Observatory,  A  very  readable 
article  in  the  Scientific  American  (Jan.  26).  from  the  pen  o' 
H.  C.  Hovey,  gives  a  full  account  of  the  Leander  McCor- 
mick Observatory,  at  the  University  of  Virginia,  Professor 
Orraond  Stone  Director.  A  fine  engraving  of  the  Observa- 
tory building  accompanies  the  article.  We  also  notice  the 
following  paragraphs  which  give  items  of  history  of  the 
Observatory  new  to  us : 

"The  McCormick  family,  inventors  of  the  well  known 
reaper,  originated  in  Rockbridge  county,  Va.  Leander.  the 
j-oungest  of  the  three  brothers  bearing  that  name,  residing 
in  the  city  of  Chicago,  desired  to  do  soraelhing  to  prove  his 
affection  for  his  native  state;  therefore  contracted  with 
Alvan  Clark  &  Sons,  of  Cambridge.  Mass..  for  a  mate  to 
the  splendid  telescope  they  were  then  making  for  the  Na- 
tional Observatory  at  Washington,  D.  C,  with  certain 
noted  improvements,  and  offered,  on  specified  conditions,  to 
present  it  to  the  Washington  and  Lee  University,  at  Lexing- 
ton, in  the  county  where  he  had  been  bom.  As  those  condi- 
tions were  not  met.  he  next  offered  it  to  the  University  of 
Virginia,  through  Col.  Venable,  the  Professor  of  Mathemat- 
ics in"thc  latter  institution,  who  immediately  took  stejjs  to- 
ward raising  the  necessary  endowment.  In  answer  to  an 
appeal  to  the  State  Legislature,  that  body  passed  resolu- 
tions recognizing  the  Ecnerositj'  of  the  donor  and  the  im- 
portance of  securing  such  a  telescope,  but  did  not  deem  it 
wise,  in  the  condition  of  the  state  finances  at  that  time 
(1878),  to  make  the  appropriation  asked  for. 

"  Gen.  Johnston,  now  of  the  South  Carolina  Military  Acade- 
my, at  Charleston,  then  visited  the  alumni  of  the  University, 
pursuant  to  an  appeal  made  by  the  executive  committee, 
and  raised  over  $r>O.Ol>0  to  secure  the  $3,000  salary  of  the 
astronomer  in  charge.  Mr.  William  H.  Vanderbilt  of  New 
York  added  $25,000  as  the  beginning  of  a  working  fund. 
The  University  gave  the  ample  grounds  on  the  summit  of 
Mount  Jefferson,  and  also  built  the  astronomer's  residence, 
at  a  cost  of  $8,000.     Mr.  McCormick  then  gave  the  tele- 
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scope,  costing  $46,000,  and  the  building  in  which  it  is 
housed,  costing  $18,000;  thus  making  a  sum  total,  includ- 
ing the  smaller  buildings,  etc.,  of  $150,000.  The  Observa- 
tory was  completed  in  1884." 


Stonyhurst  College  Observatory.  The  Rev.  S.  J.  Perry,  in 
charge  of  Stonyhurst  Observatory,  favors  us  with  a  copy  of 
his  results  of  meteorological  and  magnetical  observations 
for  the  3'ear  1887.  In  this  report,  we  notice  that  solar  draw- 
ings of  spots  and  faculse  were  made  on  259  different  days, 
and  that  complete  measurements  of  the  height  of  the  chro- 
mosphere were  secured  on  1 23  occasions.  The  inclination  of 
the  filaments  of  the  chromosphere  and  of  the  lesser  promi- 
nences was  also  observed  when  the  definition  was  good 
enough  for  such  work. 

Death  of  Robert  D.  Schimpffi  During  our  absence  on  the 
Pacific  Coast  a  telegram  was  received  at  the  office,  announc- 
ing the  death  of  Robert  L).  Schimpff,  Scranton,  Pa.,  after  a 
brief  illness  of  typhoid  fever.  This  sad  event  was  so  sudden 
that  his  physician  was  not  apprehensive  of  danger  until  the 
day  preceding  the  last.  With  like  surprise  did  this  unwel- 
come news  come  to  us.  Though  we  had  no  personal  ac- 
quaintance with  Mr.  Schimpff,  yet  we  had  corresponded 
with  him,  invited  and  heartih'  welcometl  his  scientific  arti- 
cles for  publicaftion,  and  in  such»wa3-s  had  learned  to  esteem 
him  very  highly  for  his  scholarK'  and  his  manly  qualities. 
Though  a  comparatively  young  man  we  do  not  wonder  that 
he  had  so  won  the  choice  regard  of  the  best  in  his  home  city, 
and  that  he  had  been  called  of  their  partiality  to  occupy 
places  of  trust  and  responsibility.  It  was  only  a  fitting  tes- 
timonial to  modest  merit  that  alwavs  rules,  to  some  extent, 
in  the  consciences  of  men.  Mr.  Schimpff  was  an  eager  stu- 
dent of  science.  He  was  greatly  interested  in  astronomy 
and  physics,  especially  spectrum  anah'sis.  His  observations 
with  instruments  were  sought  by  the  best  periodicals  on  as- 
tronomy, and  his  skill  in  celestial  photograph}-  has  already 
been  shown  to  our  readers  by  engravings  in  this  magazine 
which  were  copies  of  fine  photographs  wholly  his  own 
work.  Professor  Young  spoke  well  of  him  when  he  said  to 
a  friend  a  little  while  ago :  **  He  was  so  bright  and  quick  in 
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his  thinking,  so  interested  in  everything  new  in  science,  and 
so  enthusiastic  in  regard  to  its  progress  and  prosecution 
that  an  interview  with  him  was  an  inspiration." 

We  do  not  wonder,  I  say,  that  those  who  knew  him  best 
should  vie  with  one  another  to  do  his  name  and  memorv 
honor,  as  he  steps  off  the  shores  of  time  to  those  of  his 
other  Home.  The  account  of  the  memorial  services  which 
we  had  the  pleasure  of  reading  was  indeed  the  fitting  close 
of  a  life  of  beauty  and  power. 


Captain  R.  S.  Floyd  has  recently  added  a  fine  5-inch  tele- 
scope by  Alvan  Clark  &  Sons  to  the  outfit  of  his  private 
Observatory  at  Kono  Tayee,  Clear  Lake.  By  reversing  the 
crown  glass  lens,  which  is  fitted  into  a  separate  cell,  the 
objective  is  converted  into  a  photographic  combination,  the 
lenses  being  then  separated  by  a  distance  of  1.7  inches  and 
the  focal  length  being  65.6  inches.  With  the  visual  arrange- 
ment the  lenses  are  nearly  in  contact,  and  the  focal  length  is 
77  inches.* 

The  telescope  is  mounted  equatorially  on  a  long  polar 
axis,  according  to  the  English  plan.  It  has  an  enlarging 
apparatus,  with  instantaneous  shutter  for  solar  photog- 
raphy.  Two  negatives  of  the  corona  were  obtained  bj' 
Captain  Floyd  during  the  total  eclipse  of  Jan.  1st,  the  in- 
strument having  been  roughly  mounted  for  the  purpose  in 
the  open  air.  • 

Astronomische  Mittheilungen.  We  deem  ourselves  fortu- 
nate to  obtain  Dr.  Rudolf  Wolf's  publication.  Astro /Jom/scAe 
Mittheilungen,  for  the  last  eleven  years,  for  place  in  our 
astronomical  library.  Dr.  Wolf  is  professor  of  astronomy 
in  Zeurich,  Switzerland. 


Mr.  Tehhutt's  Observatory,  A  neat  pamphlet  of  74  pages 
is  before  us,  which  gives  the  histor\'  and  description  of  Mr. 
Tebbut's  Observatory,  Windsor,  New  South  Wales. 

Harvard  College  Observatory,  The  43rd  annual  report  of 
Professor  E.  C.  Pickering  of  the  Harvard  College  Observatory* 
contains  points  of  interest.  The  income  of  the  Observatory 
has  increased  so  much  during  the  last  three  years  that  the  as- 
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tronomical  work  of  the  Observatory  is  materiallv  advanced 
and  enlarged.  The  Observatory  can  now  invite  cooperation  of 
other  smaller  observatories,  in  certain  lines  of  work.  It  is 
undertaking  mountain  astronomical  observations  at  vari- 
ous points,  at  the  present  time,  and  it  has  assumed  the  con- 
trol of  the  meteorological  work  of  the  New  England  society'. 
This  is  in  addition  to  the  regular  work  going  on  at  Cam- 
bridge which  is  a  continuation  of  that  formerly  reported. 
We  notice  with  pleasure  the  work  that  is  being  done  at  this 
Observatory  in  the  new  field  of  variable  stars.  The  report 
savs : 

Messrs.  Parkhurst,  Eadie,  and  Hagen  have  continued  their  co-operation 
wth  this  Observatory  in  collecting  fresh  material  for  the  study  of  the 
variable  stars.  Mr.  Parkhurst 's  preliminary  series  of  observations  on  the 
variations  of  the  asteroids,- mentioned  last  year,  has  l>een  published  as  No. 
111.  in  the  collection  of  separate  memoirs  which  will  constitute  Volume 
XVIII.  of  the  Annals  of  the  Observatory.  Communications  which  will  aid 
in  the  construction  of  the  Index  to  Observations  of  Variable  Stars,  under- 
taken last  year,  have  been  received  from  the  following  foreign  observers: 
Mr.  T.  W.  Backhouse,  of  Sunderland,  England ;  Messrs.  Joseph  Baxendell 
and  Joseph  Baxendell,  Jr.,  of  Southj>ort,  England:  Rev.  T.  E.  Espin,  of 
Wolsingham,  England:  Mr.  J.  E.  Gore,  of  Ballysodare,  Ireland:  Mr.  George 
Knott,  of  Cuckfield,  England ;  Major  E.  E.  Markwick,  of  (jueenstown,  Ire- 
land; Mr.  C.  E.  Peek,  of  Lyme  Regis.  England:  Mr.  J.  Plassman, of  Waren- 
dorf,  Germany:  Professor  Safarik.  of  Prague,  Austria.  Two  large  series  ot 
earlier  unpublished  observations  have  dlso  been  obtained,  and  it  has  l)een 
thought  best  to  delay  the  publication  of  the  Index  above  mentioned  until 
these  series  could  be  received  and  utilized.  The  first  series  consists  of  obser- 
vations by  the  late  Professor  E.  Heis,  of  Munster.  Germany.  The  records 
of  these  observations  were  transmitted  by  the  famil\'  of  Professor  Heis  to 
the  Rev.  J.  G.  Hagen,  S.  J.,  who  has  kindly-  communicated  them  to  this  Ob- 
servatory. The  second  series  contains  the  observations  of  the  late  Dr.  J.  F. 
J.  Schmidt,  preserved  in  manuscript  at  Pot.sdam.  Professor  H.  C.  Vogel. 
Director  of  the  Potsdam  Observatory,  has  kindly  directed  the  preparation 
of  a  copy  of  these  observations  for  use  in  the  proposed  Index.  The  i)rint- 
ing  of  the  Index  has  l)een  Ijcgun,  and  it  is  hoinrd  that  the  work  may  soon  l>e 
distributed. 


Stellar  Parallax,  In  the  Monthly  Notices  of  the  R.  A.  S. 
for  Nov.  1888,  Professor  Pritchard  gives  some  results  of  the 
work  done  at  the  University  Observatory,  Oxford,  during 
the  past  year,  in  determining  the  parallax  of  stars  by  means 
of  photography.  The  work  has  l>cen  confined  to  stars  of 
the  second  magnitude,  as  the  parallaxes  of  those  of  the  first 
magnitude  have  already-  been  derived  b^-  various  astrono- 
mers and  verj'  recenth'  have  l^een  the  subject  of  investiga- 
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tion  by  Dr.  Elkin,  with  the  Yale  College  heliometer.  The  fol- 
lowing table  gives  the  final  results  obtained  for  /i  Ca^^siopeise 
and  Polaris  and  provisional  results  for  «,  (^  and  y  Cassiopeise, 
The  necessary  photographic  plates  have  been  secured  for 
completing  the  investigation  of  the  parallaxes  of  a  Cephei,  y 
and  e  Cygniy  y  Coronas,  a  and  t^  Andromedae.  Professor 
Pritchard  thinks  that  to  determine  the  parallaxes  of  twelve 
stars  annually  by  this  method  is  about  the  limit  of  work  to 
be  anticipated  from  the  exertions  of  a  single  observer  with 
a  single  instrument  in  the  climate  of  England. 

Table  Showing  the  Parallaxes  of  Stars  Recently  Determined  at  the  Uni- 
versity Observatory,  Oxford,  England, 

Magnitude  Probable 

of  error 

Stars  of         Comparison  Differential            of                   Parallax  from 

Comparison.           Stars.  Parallax.          Result.           other  Authorities. 

//    CASSIOPEL*:. 

1)  M  54.  No.  225  7.7  0.0211  0.023    Bessel  -0.120 

"    54,   "    217  9.2  0.0501  0.027    Struve  -t^-^'^^ 

POLARIS. 

D  M  88  No.  4  6.7  0.0429  0.015  Lindenau  0.144 

**    88    "  2  8.3  0.0758  0.014  Struve  &  Peters  0.172 

'*    88    "  9  8.4  0.0623  0.016  C.  A.  F.  Peters  0.067 

**     88    •'  10  9.6  0.0992  0.013 

a  CASSIOPEL«. 

I)  M  55  No.  142    8.7      0.0748    0.024 
*•  55  *'  128     9.5      0.0678     0.055 

,3f  CAsfiiopEi.*:. 

I)  M  58  No.   8    8.6      0.1759    0.047 
'•  58  **  2700     8.8      0.1484     0.056 

^  CASSIOPEI.«. 

D  M  59  No.  137  8.8  -  0.014  0.047 

••     59    **     150  8.9  +0.007  0.042 

Speaking  of  the  differences  between  the  results  obtained 
by  different  observers,  Professor  Pritchard  says:  ** Guided 
by  the  suggestions  of  recent  experience,  I  now  think  that 
such  differences  of  *  parallax '  might  very  reasonably  have 
been  anticipated,  and  may  properly  be  accepted  as  matters 
of  fact,  without  in  an3'  degree  impugning  the  accuracy*  of 
the  observations.  For  in  the  process  of  this  work  on  paral- 
lax, and  also  from  the  general  history  of  such  inquiries,  it 
has  been  made  abundantly  evident  that  no  necessary  connec- 
tion exists  between  the  brightness  of  a  star  and  its  position 
in  space  or  distance  from  the  sun.  Nevertheless  it  is  this 
very  difference  of  brightness  mainly  which  guides  us  in  the 
selection  of  comparison  stars.    The  *  Parallax '  is,  in  fact. 
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and  is  becoming  more  and  more  generally  recognized  to  be  a 
differential  quantity,  fainter  stars  being  in  very  many  in- 
stances much  nearer  to  us  than  others  possessing  incompar- 
ably greater  brightness.'*  He  calls  attention,  however,  to 
the  fact  that  the  parallax  of  Polaris,  as  determined  with  re- 
ference to  the  four  comparison  stars,  varies  somewhat  in 
proportion  to  the  difference  in  brightness  of  Polaris  and 
these  stars. 


U,  S,  Naval  Observatory,  By  kindness  of  Lieut.  Winter- 
hatler  we  have  received  a  copy  of  the  report  of  the  superin- 
tendent of  the  U.  S.  Naval  Observatorv  for  the  vear  1888. 
From  it  we  learn  that  the  contract  for  the  erection  of  nine 
buildings  comprising  the  new  Observatory  has  been  awarded 
to  Messrs.  P.  H.  McLaughlin  &  Co.,  Washington,  D.  C.,and 
that  work  on  the  same  has  begun.  The  amount  already  ap- 
propriated by  Cong^ress  is  not  sufficient  to  complete  the  new 
Observatory,  but  doubtless  the  deficiency  will  be  made  up  in 
time.  During  the  removal  from  the  old  to  the  new  Observa- 
tory the  use  of  Washburn  Observatory  has  been  tendered  by 
the  regents  of  the  University'  of  W^isconsin  for  such  aid  in 
astronomical  work  as  might  be  desired  on  the  part  of  the 
Xaval  Observatory.  Coordination  work  between  the  two 
observatories  has  been  invited  and  cordially  accepted.  Pro- 
fessor X.  Hall  is  consulting  director  of  Washburn  Observa- 
tory^,  and  Professor  S.  J.  Brown  is  on  duty  there  also. 

We  were  also  interested  in  the  letter  of  Lieut.  Winterhatler 
to  the  superintendent  of  the  Xaval  Observatory  concerning 
his  European  visit  to  observatories  and  scientific  institu- 
tions under  orders  from  the  Department.  His  full  report 
will  be  looked  for  with  interest  after  publication. 

f 

Visit  at  the  Lick  Observatory,  One  of  the  treats  of  our 
late  western  trip  was  the  half  day  spent  with  Professors 
Holden  and  Schasberle  at  the  Lick  Observatorv.  On  the 
morning  of  Jan.  3  we  left  San  Jose  by  stage,  to  go  to  the 
top  of  Mt.  Hamilton,  a  distance  by  road  of  twenty-six 
miles;  and  in  a  straight  line  only  thirteen  miles.  A  zigzag 
course  for  this  fine  driveway  was  chosen  that  an  easy  grade 
might  be  secured  for  the  entire  distance.  The  maximum  in 
any  part  of  it,  we  believe,  does  not  exceed  343  feet  to  the 
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mile.  It  was  a  beautiful  daj',  and  the  drive  for  six  hours  in 
the  midst  of  such  a  variety  of  scenery',  was  most  delightful. 

At  two  o'clock  in  the  afternoon  our  party  had  the  pleas- 
ure of  meeting  Professor  Hblden  in  his  famous  Observator\' 
and  mountain  home,  and  we  were  welcomed  right  royally. 
We  looked  at  instruments  from  the  mammoth  equatorial 
down  to  the  end  of  the  list  (and  it  was  a  long  and  interest 
ing  one),  we  saw  the  library,  the  rooms  and  work  of  individ- 
ual astronomers  and  something  of  the  plans  for  future  work. 

The  single  regret  was,  that  the  evening  should  be  cloudy 
so  as  to  prevent  a  use  of  the  36-inch  equatorial  on  some  ce- 
lestial objects  to  understand  its  marvelous  power  to  pene- 
trate the  star  depths,  or  to  show  details  of  the  planets'  sur- 
faces. 

Sir  George  B.  Airy.  It  is  an  interesting  and  very  impres- 
sive fact  that  the  distinguished  Sir  George  B.  Airy  at  his 
present  advanced  age  (88  jxars  old)  is  still  working  on  one 
of  the  most  difficult  problems  known  to  astronomy,  "The 
numerical  lunar  theory,"  as  he  titles  it.  He  recently  says 
that  through  failing  strength  and  advanced  years  he  can 
scarcely  hope  to  complete  the  work  he  has  undertaken,  but 
that  he  still  keeps  his  attention  to  the  general  subject,  and 
that  he  believes  the  method  he  has  chosen,  if  properly  used, 
would  have  led  to  a  comparatively  easy  process  but  for  a 
serious  mistake  previoush'  pointed  out. 

Books  Received. 

Star  Atlas  containing  Maps  of  all  the  Stars  from  1  to  6.5  magnitude  be- 
tween the  North  Pole  and  34°  South  Declination,  and  of  all  Nebulae  and 
Star  Clusters  in  the  same  region  which  are  visible  in  telescoj)es  of  mod- 
erate powers.  Explanatory  text  by  Dr.  Herman  J.  Klein.  Translated 
and  adapted  to  English  readers  by  Edmund  McClure,  M.  A.,  M.  R.  I.  A. 
Eiglitecn  maps.  London :  Published  by  the  Society  for  Promoting 
Christian  Knowledge.  Also,  New  York:  Messrs.  E.  &  J.  B.  Young  & 
Co. 

An  Elementary  Treatise  on  .\nalytic  Geometry,  embracing  Plane  Geometrj' 
and  an  introduction  to  (ieometr\'  of  three  dimensions.  By  Edward  L. 
Bowser,  LL.  D..  Professor  of  Mathematics  and  Engineering  in  Rutgers 
College.  New  York:  Published  bv  D.  Van  Nostrand,  23  Murrav  Street, 
1888,  pp.  287. 

Tornadoes,  What  They  Are,  and  How  to  Escajje  Them.  By  John  P.  Fin- 
lev,  Lieutenant  Signal  Corps,  U.  S.  Armv.  Washington:  J.  H.  Soule, 
Publisher,  1888.     Price  25  cents,  pp.  90.  ' 


Publishers  and  others  sending  books  to  the  Messenger  for  notice  will 
confer  a  favor  by  stating,  with  each  book,  the  retail  price,  so  that  the  same 
may  l>e  inooq)orated  in  the  notice  of  the  book  for  publication. 
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OBSERVATIONS  AT  CLOVERDALE,  CALIFORNIA. 


CHARLBS  BURCKHALTBR. 
For  Thb  Mbmbnobk.  [" 

It  was  three  months  ago  that  I  first  suggested  to  leading 
members  of  the  Pacific  Coast  Amateur  Photographic  Asso- 
ciation that  good  work  could  be  done  by  the  members  at  the 
total  eclipse  on  the  first  day  of  the  present  year,  and  it  was 
•exceedingly  gratifying  to  me  to  observe  the  disinterested 
enthusiasm  with  which  the  proposition  was  entertained. 
By  the  word  "amateur"  I  do  not  mean  home-made  appa- 
ratus and  mere  dabblers  in  the  art  of  photography,  for  the 
Association  has  within  its  ranks  men  who  probably  have  no 
superiors  in  the  photographic  art,  and  their  outfits  are  as 
elaborate  as  wealth  can  buv. 

Out  of  this  association,  composed  as  it  is  of  men  engaged 
in  active  business  pursuits,  many  of  whom  could  ill  afford 
either  the  time  or  expense  required,  thirty  cameras  were 
pointed  at  the  sun  at  our  station  (Cloverdale,  Sonorra 
County,  California),  on  the  morning  of  the  eclipse.  Among 
this  formidable  battery  were  a  few  amateurs  and  two  pro- 
fessionals who  were  not  members  of  the  Association,  but  all 
Tvho  were  willing  to  devote  their  results  to  science  were 
-welcome  to  take  advantage  of  our  arrangements. 

The  Association  had  made  me  an  honorary  member  and 
placed  me  in  full  charge  of  the  expedition.  On  December 
29th,  accompanied  by  Messrs  Harry  T.  Compton,  Marston 
Campbell,  Alpheus  Bull,  Jr.,  and  C.  P.  Grimwood,  I  arrived 
at  Cloverdale  and  at  once  selected  our  station  and  we  began 
observations  for  latitude  and  longitude.  Our  station  was 
in  the  midst  of  the  little  village,  on  a  block  of  land  kindly 
given  us  by  Mr.  M.  Minnehan.  It  was  surrounded  by  a 
neat  fence,  the  only  other  improvement  being  a  small  cot- 
tage, a  room  of  which  was  kindly  given  us  by  the  owner  in 
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which  we  could  keep  our  instruments,  thus  saving  much  la- 
bor in  carrj'ing  them  to  and  from  the  hotel. 

Mr.  Corapton,  assisted  by  Mr.  Campbell,  established  the 
latitade  of  our  station  by  a  large  number  of  observations 
with  a  sextant  and  artificial  horizon,  while  1  observed  for 
time,  with  a  small  astronomical  transit  kindlj'  loaned  nie  by 
Mr.  Edward  Dillon,  of  Dillon  &  Co..  San  Francisco.  I  am 
desirous  of  thanking  this  gentleman  also  for  the  use  of  a 
mean  time  chronometer  and,  while  under  this  head,  I  wish  to 
thank  the  management  of  the  San  Francisco  &  North  Pa- 
cific Railroad  Co..  for  free  and  careful  transportation  of  our 
instruments;  the  Western  Union  Telegraph  Co.,  and  Mr. 
Jones  and  Mr.  Vandcnberg  for  sending  us  the  clock  signals  of 
the  Lick  Observatory  for  three  days  preceding  the  eclipse. 

As  the  mean  of  Mr.  Compton's  sextant  observations  on 
the  sun  and  Polaris  and  my  own  time  observations  and 
chronometer  comparisons  with  the  Lick  clock,  we  found  our 
position  to  be: 

Latitude     =    38°  47' 40"  N. 
Longitude  =  122°  57'  25"  W. 

On  the  evenings  of  the  29th  and  30th  of  December  the  sky 
was  perfectly  clear;  but  on  the  night  of  the  31st,  when  the 
members  of  the  Association  joined  me,  clouds  had  gathered, 
and  there  were  evident  signs  of  rain.  However  this  did  not 
dampen  the  ardor  of  the  gentlemen,  and  we  all  assembled  in 
the  dining  room  of  the  hotel,  where  I  was  put  through  a 
sort  of  astronomical  catechism  by  eager  searchers  after 
detail.  We  finally  went  through  several  drills  in  the  matter 
of  counting,  etc.,  so  that  the5'  would  all  have  a  complete  un- 
derstanding of  what  they  were  to  do.  It  was  agreed  to 
meet  at  nine  o'clock  next  morning  at  the  station  selected, 
and  there  drill  again  when  all  the  cameras  and  other  instru- 
ments were  in  position. 

On  the  morning  of  the  1st,  though  the  sun  rose  clear,  there 
were  hanks  of  cloud  on  the  horizon,  and  overhead  masses 
had  gathered  which  were  slowly  moving  away.  As  the  sun 
gathered  strength  the  clouds  became  more  fleecy  and  began 
to  dissipate,  the  improvement  in  the  weather  continuing  as 
the  day  advanced. 

Carpenters  had  previously  made  trestles  and  inclined 
boards  to  be  used  instead  of  tripods  for  most  of  the  cam- 
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eras.  The  thirty  cameras  were  then  set  up  in  two  long 
rows,  a  place  in  the  center  being  reserved  for  the  telescopes, 
chronometer,  etc.  By  10  a.  m.  all  the  instruments  were  in 
position  and  drilling  commenced.  The  drilling,  which  was 
done  a  number  of  times,  corresponded  to  the  programme 
afterwards  carried  out  in  the  matter  of  counting  and  record- 
ing time.    The  system  was  a^  follows : 

In  order  that  there  should  be  uniformity  with  regard  to 
time,  and  each  should  know  exactly  the  period  at  which  the 
different  plates  were  exposed  and  the  time  of  exposure,  a 
battery  and  telegraphic  sounder  were  connected  with  a 
break-circuit  sidereal  chronometer  so  that  the  beats  of  the 
seconds  were  sounded.  About  one  minute  before  totality, 
Mr.  Alpheus  Bull,  Jr.,  began  counting  aloud,  so  all  could 
hear  distinctly,  he  taking  the  time  from  the  sounder.  This 
preliminary  counting  was  done  to  determine  how  long  be- 
fore totality  any  observer  could  notice  the  corona,  and  each 
one  noted  on  a  prepared  card  when  he  saw  it. 

Meanwhile  Mr.  Compton  with  a  sextant  and  Mr.  Wm.  M. 
Pierson  with  a  3%-inch  refractor  observed  for  time  of 
second  contact.  As  totality  commenced  Mr.  Compton  and 
Mr.  Pierson  simultaneously  called  **time"  and  immediately 
Mr.  George  H.  Strong  commenced  counting  aloud,  taking 
the  sounder  as  his  guide.  The  work  of  the  photographers 
then  began  and  continued  until  the  last  instant  of  totality 
was  called,  when  Mr.  Strong  ceased  counting,  and  Mr.  Bull 
again  commenced  counting  till  he  had  counted  fifty-five. 

The  counting  after  totality  was  so  that  the  length  of  time 
the  corona  could  be  noticed  might  be  recorded.  The  object 
of  having  two  men  to  call  was  that  voices  of  different  tones 
could  be  recognized  as  marking  the  periods  before  and  after 
totality  and  during  total  phase.  Each  photographer  had 
an  assistant  and  each  assistant  had  a  card  devised  by  W.  H. 
Lowden,  on  which  was  printed  a  row  of  figures  from  1  up 
to  200.  His  instructions  were  to  indicate  on  this  card  the 
exact  second  of  totality,  at  which  the  lens  of  the  camera 
was  uncapped  and  again  when  replaced,  and  repeat  this  as 
many  times  as  there  were  plates  exposed.  This  card  then 
famished  a  record  not  only  of  the  time  of  exposure  of 
each  plate,  but  the  period  during  totality  the  exposure  was 
made.    The  assistant  had  but  to  listen  to  the  voice  of  Mr. 
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Strong,  who  was  calling,  and  mark  on  the  card  the  number 
being  called,  as  the  lens  was  uncapped  and  capped.  This 
arrangement  proved  perfect,  as  in  cverj-  case  the  time  and 
period  of  exposure  of  every  plate  is  known,  and  all  were 
\\'orking  on  the  same  time  by  chronometer. 

The  first  and  fourth  contacts  were  not  observed  for,  as  we 
only  cared  to  know  when  to  begin  our  photographic  work, 
and  to  know  just  the  exact  second  of  the  time  of  totality 
each  plate  was  exposed.  The  following  times  are  probably 
right  within  half  a  second : 

Second  contact  =  lA  46ni  43.50s, 

Third  contact    =  l/i  48m  27.50s. 

the  duration  being  only  Itn  44s  by  sidereal  chronometer. 

The  predicted  times  at  Cloverdale.  in  the  pamphlet  issued 
by  the  director  of  the  Lick  Observatory  (and  which  were  be- 
lieved to  be  only  approximate),  were: 

Time  of  second  contact  =  Ih  46di  44s  p.  s.  t. 
Time  of  third  contact    =  lb  48m  32s      " 
Duration  of  totality       =  Itn  48s  " 

The  time  of  contacts  played  but  a  small  part  in  our  work, 
as  those  who  observed  and  recorded  them  had  little  or  no 
experience  in  exact  observations. 

A  card  with  a  central  black  disk  to  represent  the  moon 
had  been  prepared  for  each  one,  and  upon  this  each  was  to 
draw  the  corona  as  it  appeared  to  him,  and  then  turn  it 
over  to  the  President  of  the  Association  without  correction 
or  comparison  with  otbcr  drawings,  These  drawings  have 
all  been  handed  in  and,  with  the  original  negatives  and  all 
of  our  work,  will  be  sent  to  the  Lick  Observatory, 

When  Mr.  Bull  counted  forty-two  (ten  seconds  Iwfore  to- 
tality), several  members  saw  the  corona  verj'  distinctly. 
Two  members,  Mr.  W.  C.  Gibbs  and  Mr,  George  A.  StofT,', 
claim  to  have  seen  it  forty-three  seconds  before  totality. 
After  totaHty  the  corona  was  carefully  watched  and  was 
lost  generally  from  forty  to  fifty-five  seconds  after,  with  the 
exception  of  Messrs.  A.J.  Treat  and  George  H.  Strong,  who 
state  that  they  followed  it  sixty-nine  and  seventy  seconds 
respectively. 

The  ladies  of  the  party  were  skillfiil  colorists  and  were  in- 
structed to  protect  their  eyes  preceding  the  total  phase,  so 
that  the  eyes  would  be  color-sensitive.    They  describe  the 
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color  of  the  sky  before  totality  as  being  a  leaden  blue.  It 
became  brighter  and  more  luminous  during  totality  as  it  ex- 
tended  up  to  the  corona.  The  light  near  the  disk  of  the 
moon  was  an  intense  luminous  silver,  with  a  bluish  tinge 
similar  to  the  light  of  an  electric  arc.  The  outer  corona 
was  similar  in  color,  though  fainter,  fading  away  into 
the  surrounding  sky.  The  disk  of  the  moon  appeared  of  a 
gaseous  aspect  and  of  a  dark,  hazy,  purple  color.  At  no 
time  did  it  appear  black.  The  streamers,  which  extended  in 
an  oblique  direction,  were  of  the  same  color  as  the  outer 
corona.  Warm  colored  or  red  rays  were  not  observed  by 
those  who  had  made  their  eyes  sensitive  by  protection  pre- 
vious to  totality. 

One  of  the  best  drawings  was  that  made  by  C.  Mason 
Kinne  of  the  San  Francisco  Microscopical  Society.  He  used 
a  ]ov{  objective  and  saw  the  color  of  the  inner  corona  as 
a  cold,  steely  blue,  fading  into  purple  red  and  slight  yellow. 
He  also  observed  a  slight  protuberance  on  the  northwest 
periphery. 

Captain  C.  L.  Hooper,  of  the  United  States  revenue  cutter 
Corwin,  had  a  2H-inch  telescope,  but  noticed  no  color  at  all 
in  the  corona.  It  was  a  swallow-tail  shape  and  expanded 
about  one  degree  on  each  side,  as  nearly  as  he  could  judge, 
in  the  direction  of  the  ecliptic.  No  signs  of  protuberances  or 
flames  were  noticed.  The  light  appeared  like  that  from  a 
shaded  electric  light. 

I  was  disappointed  at  the  almost  utter  absence  of  sun- 
flames,  a  few  very  small  ones  appearing  in  the  best  photo- 
graphs. 

There  were  about  seventy-five  members  of  the  party. 
Thirty  of  these  were  photogrfiphers  and  thirty  recorders  the 
rest  performing  other  duties  with  the  telescopes,  sextant, 
meteorological  instruments,  etc.  There  were  in  all  one  hun- 
dred and  sixty-seven  negatives  made.  The  shortest  expos- 
ure was  ose-fifbieth  of  a  second  on  a  quick  plate ;  the  longest 
was  forty-one  seconds  on  a  slow  plate,  the  rest  varying  be- 
tween these  extremes.  The  photographing  was  systematic- 
ally done.  To  each  photographer  were  allotted  certain  times 
of  exposure  for  his  plates,  taking  into  consideration  such 
elements  as  character  of  lens  and  plate,  length  of  focus,  etc. 
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The  results  with  the  camera  vary  mainly  in  degree  of  extent 
of  corona  and  size  of  image.  Owing  to  the  variety  of  quick- 
ness of  the  plates,  difference  of  length  of  exposure  and 
methods  of  development  of  negatives,  a  number  of  facts 
have  been  established  which  will  serve  as  a  valuable  guide 
to  future  work  of  this  character.  Nearly  all  of  the  negatives 
made  have  been  developed. 

It  is  found  as  a  result  of  the  work  accomplished  thus  far 
that  there  was  no  necessity  for  very  long  exposures  of  the 
plates,  the  light  of  the  corona  being  better  from  a  photo- 
graphic point  of  view  than  was,  perhaps,  expected.  The 
best  general  results  have  been  obtained  with  an  exposure  of 
three  seconds  on  a  quick  plate  with  an  aperture  not  less 
than  one-tenth  the  focal  length  of  the  lens.  The  negative 
made  on  a  slow  plate  in  forty-one  seconds  shows  Mercun,- 
plainly,  but  so  also  does  another  which  was  only  exposed 
ten  seconds,  and  perhaps  close  inspection  will  reveal  this 
planet  on  other  negatives,  though  nothing  under  ten  seems 
to  show  it. 

The  inner  corona  was  satisfactorily  photographed  in  one 
second,  and  exposures  of  only  a  twentieth  of  a  second  show 
it  also  very  well.  The  outer  portion  required  a  longer  time. 
Probably  the  five-second  exposures  on  a  rapid  plate  give 
about  as  great  an  extent  as  it  is  possible  to  photograph. 
The  greatest  extent  was  that  shown  in  the  forty-one  second 
negative,  where  it  is  pictured  as  extending  on  two  sides, 
about  two  diameters  of  the  moon;  but  probably  fifteen  or 
twenty  seconds  exposure  would  have  answered  as  well. 
The  forty-one-second  plate  would  seem  to  prove  that  the 
visual  light  of  the  extreme  outer  corona  is  greater  than  its 
photographic  strength  for  the  reason  that  in  this  case  the 
rays  merge  into  the  diffused  light  of  the  sky  at  a  less  dis- 
tance from  the  moon  than  the  drawings  made  by  observers 
appear  to  indicate.  In  developing  this  negative  the  sky 
was  also  developed,  showing  that  it  was  impossible  to  o!>- 
tain  on  a  photographic  plate  any  greater  extent  of  corona 
than  is  shown  thereon. 

The  photographers  of  our  party  think  that  hereafter  ex- 
posures should  be  made  separately  for  different  parts  of  the 
corona.  Short  exposures,  say  of  not  over  one  second, 
should  be  given  to  obtain  details  of  the  inner  corona ;  others 
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of  two  or  three  seconds  for  details  of  the  outljing  portions ; 
and  others  of  five  seconds  and  over  to  obtain  the  extreme 
limits  of  light  given  by  it.  These  plates  should,  of  course, 
be  developed  understandingly  to  get  the  best  results  from 
-each.  In  the  second  and  third  class  of  exposures  the  inner 
corona  would  have  to  be  entirely  sacrificed  in  the  develop- 
ment of  the  negative,  while  in  the  first,  care  should  be 
taken  to  preserve  all  the  detail  possible. 

It  would  seem  from  the  results  that  the  actinic  strength 
of  the  light  of  the  inner  corona  has  been  underrated,  as  the 
-exposure  of  one-fiftieth  of  a  second  on  it  gave  a  good  image. 
The  light  as  shown  on  the  negatives,  especially  the  larger 
ones,  is  represented  as  long  fine  rays  or  wisps  extending  ap- 
parently from  the  edge  of  the  moon's  disk.  Professor 
Langley  thought  at  a  previous  eclipse  that  these  wisps  or 
rays  were  themselves  formed  of  bunches  of  rays  or  wisps, 
and  has  been  anxious  for  proof  of  his  theory.  The  nega- 
tives made  show  that  he  was  right;  the  broom-like  rays  are 
themselves  formed  of  small  bunches  of  rays  like  the  separate 
])unches  in  a  broom  which  go  to  form  the  whole.  These 
show  clearly  on  the  negatives,  but  not  so  plainly  on  the 
prints. 

Dr.  Passavant  took  with  him  a  Warnercke  sensitometer 
for  the  purpose  of  testing  the  actinic  strength  of  the  light  of 
the  corona.  He  reports  that  an  exposure  was  made  by  his 
assistant,  Thomas  Andrews,  on  an  ,,H.  L."  plate,  which 
rq^ters  15  on  the  sensitometer  by  the  ordinary  tests.  This 
exposure  lasted  fifteen  seconds,  commencing  at  forty- 
one  seconds  after  totality  and  ending  at  fifty-six. 

This  photographic  plate,  of  known  value,  was  jcut  into 
four  pieces.  At  the  time  of  the  next  full  moon  another  piece 
of  this  same  plate  will  be  exposed  in  the  same  sensitometer 
.,to  the  moonlight  for  a  like  period.  Proper  meteorological 
observations  will  be  made  and  recorded  at  the  same  time. 
Still  another  portion  of  the  plate  will  be  exposed  under  the 
sensitometer  to  the  standard  light  used  by  all  photographic 
plate-makers.  These  plates  will  all  be  developed  at  the 
-same  time  and  with  the  same  chemicals.  They  are  expected 
to  show:  First,  the  standard  value  of  the  plate;  second,  the 
exact  relation  of  the  photographic  strength  of  the  difitised 
light  of  the  corona  as  compared  with  that  of  the  full  moon. 
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This  will  enable  photographers  in  the  future  to  determine 
more  accurately  the  proper  exposure  to  be  given  the  corona, 
even  though  the  advances  in  photography  should  place  the 
plates  of  to-day,  so  far  as  rapidity  is  concerned,  very  much 
behind  the  plates  of  the  future. 

The  results  of  the  above  experiment  w-ill  be  forwarded  in 
time  for  the  next  Messenger. 

The  party  consisted  of  the  following : 

Members  of  the  Photographic  Association — A.  J.  Treat, S. 
C.  Passavant,  O.  V.  Lange,  Charles  G.  Yale,  P.  Carleton.  C. 
F.  Montealegre,  J.  W.  Stanford,  J.  V.  A.  Re^-,  Eugene  Frost. 
Samuel  C.  Partridge,  W.  C.  Gibbs,  George  W.  Domin,  Will- 
iam Letts  Oliver,  J.  H.  Johnson,  E.  W.  Runyon,  A.  P.  Red- 
ington,  W.  H.  Chapman,  W.  H.  Lowden,  E.  L.  Woods, 
George  Tasheira,  F.  H.  McConnell.  George  W.  Reed,  C.  L. 
Goddard,  W.  S.  Davis, 

/lss/s(an(s— Alpheus  Bull,  Jr., Harry  T.  Compton,  Marston 
Campbell,  C.  P.  Grinwood,  George  H.  Strong,  William  F. 
Booth,  W.  B.  Ewer,  Lew  Tasheira. 

Recorders— U.  W,  Schwerin.  William  N.  McCarthy,  W.  C. 
Edes,  Alfred  K.  Gibbs,  M.  P.  Donnelly.  F.  C.  de  Long,  George 
A.  Storj-.  J.  A.  Bauer,  E.  S,  Gray,  E.  B.  Moore.  George  B. 
Baer.  Walter  Henry,  M.  Seligson,  E.  P.  Livingston.  F.  S, 
Wright.  C.  W.  Wilkinson,  Harry  Phelan,  Moses  Callan. 
Thomas  Andrews.  Mrs.  C.  L.  Goddard,  Miss  Hermione  Rev. 
Mrs,  E.  S.  Graj-,  Mrs.  George  Tasheira. 

Sketchers— Mrs.  George  Roe,  Miss  Silvia  Rev,  Miss  Tnies- 
dell.  Miss  Treat,  Col.  C.  Mason  Kinne,  Capt.  W.  B.  Hooper. 

The  following  professional  and  amateur  photographers 
not  connected  with  the  Association  were  also  present:  1.  W, 
Taber,  X.  C.  Bumham,  W.  B.  Tyler.  Louis  de  F.  Bartlett, 
Bert  Rem  met. 

It  may  be  here  mentioned, as  all  were  working  under  direc- 
tions and  allotments  as  to  time  of  exposure  of  plates,  some 
had  to  be  "  sacrificed  "  so  as  to  get  variety  in  results.  For 
instance.  Mr.  Lowden  to  whom  was  assigned  the  forty-one- 
second  plate  expected  to  get  nothing  from  so  long  an 
exposure. 

My  own  instrument  was  the  largest  one  in  our  party,  my 
telescope  is  a  lOVi-inch  Newtonian  reflector,  made  by  Brash- 
ear,    and    this   I   converted    for  the    time  being    into    a 
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lescopic  camera.  It  was  mounted  in  a  wooden  tabe  12 
;hes  square  and  8  feet  6  inches  long.  A  special  diagonal 
bo«e  minor  axis  was  3^^  inches  was  specially  made  so  that 
e  Aeld  would  be  large  enough  to  include  the  sun  and  any 


Msible  extent  of  its  corona.  Two  slow-motion  attach- 
ents  were  provided  to  follow  the  .sun  in  altitude  and 
imnth.    This  was  alt  mounted  on  a  working  platform,  so 


conid  be  pointed  at  the  corona  at  the  proper  moment 
ithoat  Io88  of  time.  Mr,  Charles  G.  Yale  had  charge  of 
is  iDrcbanism.    The  tube  was  carcfally  blacked  inside  and 
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everything  done  to  prevent  fogging  the  plate,  but  this  WSA 
known  to  be  an  impossibility  in  an  o]>cn  tube.  It  was  only 
a  question  whether  the  plate  would  be  fogged  beyond  all 
value  or  not. 

The  manner  of  exposing  the  plate  was  by  cutting  an  open- 
ing in  the  top  side  of  the  tube  and  adjusting  the  back  por- 
tion of  the  camera  that  holds  the  plate  holder  over  thin 
opening.  A  small  telescope  with  a  large  field  was  placed, 
on  the  tube  as  a  finder.  The  image  was  thrown  to  am 
of  the  center  just  before  totality,  and  no  attempt  man 
follow  the  moon  during  the  time  of  totality. 


The  focal  length  of  this  camera  was  84  inches,  the  longest 
in  the  field.  The  diameter  of  the  image  is  thirteen-sixteenths 
of  an  inch,  the  largest  made  by  any  except  that  of  the  13- 
inch  instrument  of  the  Harvard  Observatorj-  party.  In  this 
camera  ten  plates  were  exposed,  varying  from  half  a  second 
to  ten  seconds.  The  plates  used  were  Passavant,  "C.  I.  P.' 
and  "H,  L.,"  with  a  sensitometer  register  of  22  and 
15  respectively.  Wm.  F.  Booth  recorded,  and  Maraton 
Campt>ell  uncapped  and  capped  the  lens,  I  exposing  the 
plates  myself. 

W.  H.  Lowden  made  special  preparations  with  a  view  to 
obtain  a  long  exposure  on  the  corona.  For  this  purpose  he 
used  an  11  x  14  camera  mounted  in  such  manner  that  dur. 
ing  exposure  he  could  follow  the  moon  and  keep  it  in  tbecen- 
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ter  of  the  plate.  A  Beck  lens  of  twenty-two- inch  focus  with 
a  three-inch  aperture  was  used,  and  on  top  of  the  camera  he 
mounted  a  two-inch  telescope.  Two  exposures  were  ob- 
tained, one  of  forty-one  seconds  and  one  of  twenty-eight. 
the  latter  embracing  the  last  second  of  totality.  These  were 
made  on  extremely  slow  plates  prepared  by  Dr.  Passavant, 
which,  being  very  rich  in  silver,  were  expected  to  show  the 
detail  of  the  extreme  outer  corona.  The  plates  have  been 
developed  and  are  regarded  as  very  successful.  The  corona 
is  shown  to  a  distance  of  nearly  two  diameters  on  each  side 
of  the  moon,  while  the  movement  of  the  image  is  not  percep- 
tible, showing  that  the  apparatus  was  well  adapted  to  the 
difficult  esijeriment,  and  carefully  handled.  Mercury  is  dis- 
tinctly shown  on  both  plates.  Mr.  Lowden  made  the 
mounting  for  this  box  himself,  and  it  worked  in  a  very  satis- 
factory manner. 

Mr.  Yale  took  up  with  him  a  set  of  meteorological  instru- 
ments furnished  by  Melville  Attwood.  John  Roach  and  the 
Chabot  Observatory.  Mr.  \V.  B.  Ewer  kept  the  records. 
The  wind  was  so  light  that  the  anemometer  scarcely  re- 
corded it.  The  black-bulb  thermometer  exposed  to  the  sun 
recorded  69H  at  12:35,  62  at  1  p.  m.,  61  at  1:15.  S2  at  1:35, 
+6  at  liAS  and  42  during  totality.  The  dry-bulb  thermome- 
ter registered  BoV*  at  12:35,  54  at  12:50,  55i^  at  1:07,  54  at 
1:25,  57  at  1:40  and  51  during  the  total  phase.  The  wet- 
bulb  thermometer  ran  down  from  51  Vi  to  49,  the  latter  fig- 
ure during  totality.  The  barometer  dropped  5-100  during' 
the  total  phase,  quickly  returning  to  normal,  39.093,  on 
its  conclusion. 

I  feel  that  I  cannot  close  this  already  long  article  without 
mentioning  our  very  narrow  escape  from  our  total  failure. 
.\  light  cloud  covered  the  face  of  the  moon  and  was  photo- 
graphed by  Mr.  Oliver  only  one  and  one-half  minutes  before 
second  contact,  and  drifted  off  only  thirty  seconds  l)efore, 
and  another  light  cloud  again  covered  the  moon  only  two 
minutes  after  the  end  of  totality.  I  wish  also  to  record  the 
fact  that  the  general  light — visually  s]}caking — was  fully 
four  if  not  five  times  brighter  than  bright  moonlight  and 
our  lanterns  were  not  needed. 
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AUTOBIOGRAPHY  OF  ALVAN  CLARK.* 

Some  years  ago,  when  residing  in  Cambridge,  I  became  ac- 
quainted with  the  late  Mr.  Alvan  Clark,  the  distinguished 
astronomical  instrument  maker,  and  after  coming  to  Wash- 
ington I  had  some  correspondence  with  him.  Among  his 
letters  is  one  containing  his  autobiography,  written  at  my 
request  ten  years  ago  last  October.  If  you  think  it  would 
be  of  interest  to  the  readers  of  the  Register  a'ou  may  publish 
it  there : 

Cambridgeport,  Oct 1878. 

My  Dear  Sir: 

The  account  of  mv  career  vou  have  desired  I  can 
write  in  pencil  more  conveniently  than  with  ink.  I  have 
written  but  little  in  my  life,  and  less  of  late  than  ever ;  so 
it  is  hard  and  slow  work  for  me. 

My  father's  name  was  Abram,  and  he  was  bom  in  Har- 
wich, Mass.;  and  my  mother  was  Mary  Bassett,  bom  in 
Dennis,  Mass.  They  removed  to  Ashfield,  Franklin  County, 
Mass.,  in  1794,  where  I  was  born,  March  8,  1804.  I  was 
the  fifth  son  of  ten  children,  seven  sons  and  three  daughters ; 
five  of  us  are  living  at  this  date. 

Our  farm  of  100  acres  was  one  of  the  roughest  and  most 
rocky  in  that  rough  and  rock  town,  and  over  the  greater 
part  of  it,  when  I  was  a  lad,  the  stumps  of  the  primitive 
forest  trees,  mostly  hemlock,  and  some  ver^"  large,  were 
standing.  Two  splendid  trout  brooks  joined  near  the  lower 
or  eastern  border  of  the  farm,  upon  the  larger  of  which  is  a 
grand  waterfall  near  the  middleof  the  farm,  but  being  three 
and  a  half  miles  from  the  center  of  Ashfield,  and  about  the 
same  distance  from  Conway  and  Goshen  centres,  it  has 
attracted  little  attention.  The  year  I  was  bom  my  father 
built  a  sawmill  just  below  the  confluence  of  these  streams, 
and  close  upon  the  line  between  Conwav  and  Ashfield.  It 
was  a  fourth  of  a  mile  from  the  house  in 'plain  sight  and  of 
-course  a  prominent  object  in  m\'  childish  thoughts.  It  was 
washed  away  after  standing  seven  years,  but  rebuilt  when  I 
was  eight.    I  concluded  then  I  should  be  a  mill-wright,  being 


*  Communicated  to  the  Sew  England  Historical  and  Genealogical  Register  hy 
Hon.  William  L.  Richardson,  LL.  D.,  Chief  Justice  of  the  Court  of  Claims.  Wash- 
ington, D.  C. 
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wonder-struck  by  the  achievements  of  Capt.  Gates,  the  chief 
in  this  work  of  rebuilding. 

The  first  school-house  in  the  district  was  located  on  our 
farm,  and  built  when  I  was  seven  years  old.  At  times  forty 
scholars  have  attended  there  where  now  they  can  scarcely 
muster  ten,  and  I  sometimes  might  be  inclined  to  fear  that 
in  forsaking  a  home  abounding  in  inviting  influences,  my  ex- 
ample had  been  pernicious,  were  it  not  that  I  see  with  regret 
the  same  depopulation  going  on  almost  all  over  the  rural 
portions  of  New  England. 

An  old  grist  mill  located  by  the  waterfall,  built  before  I 
was  bom.  was  purchased  by  my  father  when  I  was  about 
twelve.  The  school,  the  farm  and  these  mills  busied  me  until 
about  seventeen,  when  I  began  to  think  that  perhaps  I 
might  be  better  6tted  for  some  other  calling,  and  I  went  into 
a  wagon-maker's  shop  and  worked  about  a  year  with  an 
older  brother,  but  returned  to  the  paternal  mansion  and  put 
myself  at  work  in  good  earnest  to  learn  alone  engraving 
and  drawing,  though  I  had  first  visited  Hartford,  and  seen 
something  of  such  works  which  were  cheerfully  explainwl  to 
me,  green  as  I  was,  by  strangers  well  skilled,  of  which  there 
were  a  number  at  that  time  in  the  phice.  I  visited  Boston 
in  the  autumn  of  1824,  carrying  with  me  specimens  to  show 
my  proficiency,  which  though  not  great,  was  suflicient  to 
secure  me  a  living  employment  for  the  time. 

Supplying  myself  with  some  of  the  most  needed  art 
materials  1  returned  to  Ashfield  the  next  May,  and  spent  the 
summer  as  studiously  as  possible,  with  no  settled  plans  fur- 
ther than  the  acquisition  of  skill.  In  neighboring  towns  I 
offered  my  services  in  making,small  portraits,  some  in  India 
ink  and  some  in  water  colors,  and  with  a  pretty  satisfactonr- 
measure  of  success. 

Here  I  must  give  you  one  little  incident  which  tends  to 
show  what  small  matters  can  change  the  course  of  a  human 
life.  Wanting  some  fine  sable  hair  brushes,  I  sent  for  them 
by  a  man  in  the  habit  of  visiting  Boston.  Upon  looking 
over  a  piece  of  newspaper  in  which  they  were  wrapped  when 
received,  my  eye  fell  upon  an  advertisement  of  recent  date, 
headed,  "Engravers  Wanted."  I  was  not  long  in  making 
up  my  mind  to  apply  for  the  situation.  On  reaching  Boston 
I  found  the  engravers  were  wanted  at  the  engraving  shop  of 
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the  Merrimac  Works  in  East  Chelmsford  for  calico  printing. 
The  agent  informed  me  that  they  had  just  contracted  with 
Messrs.  Mason  and  Baldwin  of  Philadelphia  to  do  their  en- 
graving, and  that  one  of  the  firm  would  soon  be  in  Bast 
Chelmsford  and  very  likely  would  employ  me  as  an  assist- 
ant. 

Mason  at  once  on  his  arrival  oflFered  me  eight  dollars  per 
week  for  one  year  and  nine  dollars  per  week  for  three  suc- 
ceeding years,  with  opportunity  for  learning  the  art  in 
which  they  were  engaged.  I  was  to  work  nine  hours  in 
winter  and  ten  in  summer  per  day,  which  terms  I  accepted. 
Such  pay  would  now  be  considered  small  for  a  beginner  in 
housekeeping,  but  I  was  able  to  supplement  it  a  little  by 
painting  and  cutting  stamps  out  of  the  shop. 

I  have  always  felt  that  I  incurred  a  very  serious  risk  in 
marrying  as  I  did.  My  wife,  Maria,  was  the  daughter  of 
Asher  Pease,  and  was  bom  in  Enfield,  Conn.,  Nov.  30, 1808. 
The  family  removed  to  Conway  and  settled  on  a  farm  with- 
in half  a  mile  of  my  own  father's  residence  in  1811,  where 
she  resided  with  her  parents  until  our  marriage,  except  for  a 
short  time  she  boarded  in  the  family  of  Dr.  Edward  Hitch- 
cock, while  he  was  settled  preacher  in  Conway,  previous  to 
his  taking  the  Presidency  of  Amherst  College, — this  for 
the  purpose  of  attending  a  select  school.  After  remaining 
about  six  months  in  E.  Chelmsford,  I  invited  my  father  to 
accompany  this  young  woman  to  the  place,  which  he  did, 
and  we  were  married,  as  the  record  shows,  on  the  25th  of 
March>  1826.*  My  employer,  Mr.  Mason,  was  very  kind, 
and  procured  credit  for  me,  that  we  could  arrange  for  house- 
keeping in  an  unpretentious  way,  where  I  felt  that  we  were 
established  for  three  years  and  six  months  at  least. 

But  a  disagreement  sprang  up  between  Mason  &  Baldwin 
and  their  employees,  resulting  in  Mr.  Masons'  returning  to 
Philadelphia;  but  previous  to  leaving  he  offered  to  cancel 
our  engagement,  or  take  me  with  him  to  Philadelphia  to 
serve  it  out,  or  he  would  open  a  branch  shop  in  Providence 
R.  I.,  and  give  me  charge  of  it,  with  pay  of  $10  per  week 
and  one-fourth  the  profits.    I  accepted  the  last  proposition, 


*  This  was  the  first  tnarrisge  In  the  town  of  Lowell.  That  part  of  Chelmsford 
called  Bast  Chelmsford  was  incorporated  as  Lowell,  March  1,  1826.  The  first 
tows  nwftlng  was  held  .at  Colbnm's  Tavern,  March  25,  1826,  and  Mr.  Clark  was 
married  on  tbat  rery  day,  by  the  late  Rev.  Theodore  Bdson. — W.  A.  R. 
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as  there  was  no  chance  that  I  could  remain  in  the  Lowell 
shop  with  comfort,  for  they  had  imported  English  engravers 
who  had  no  notion  of  allowing  the  secrets  of  theirart  to  slip 
into  the  hands  of  Americans.  Our  tarry  in  Providence  was  of 
only  about  one  year's  duration,  when  this  branch  of  Mason 
&  Bald^vin's  Works  was  removed  to  New  York,  where  I  con- 
tinued on  the  same  terms  with  them,  until  the  spring  of 
1832,  at  which  date  I  received  an  offer  from  Andrew  Robe- 
son for  mj-  services  at  his  print-works  in  Fall  River,  such 
that  I  was  induced  to  relinquish  my  connection  with  Mason 
&  Baldwin.  We  had  but  just  settled  in  Fall  River  when  the 
cholera  broke  out  in  New  York.  Before  passing  I  would 
say,  the  partner  of  Mason  was  M.  W.  Baldwin,  afterwards 
the  famous  builder  of  locomotives.  \Vhile  residing  in  New 
Y'ork  I  had  excellent  opportunities  for  studying  painting, 
and  practiced  all  I  could,  and  never  gave  it  up  even  after  re- 
moving to  Fall  River. 

In  1835,  Lucius  Mantrus  Sargent  was  invited  by  temper- 
ance people  to  give  a  lecture  in  each  of  the  churches  in  the 
place,  and  as  he  was  to  he  several  days  there,  I  sought  a 
seasonable  opportunity  for  inviting  him  to  give  me  sittings 
for  an  ivory  miniature.  During  these  sittings  I  questioned 
him  as  to  my  chance  of  success  as  a  miniature  painter  in 
Boston.  He  asked  what  practice,  or  experience,  or  oppor- 
tunities for  instruction  I  had  thus  far  enjoyed  in  the  art? 
After  receiving  my  replies  and  preceiving  that  my  heart  was 
in  it,  without  committing  himself  by  advice  he  wished  to 
know  the  highest  price  I  had  ever  received  for  a  picture,  and 
when  I  stated  $20  he  said  he  wished  to  take  this  home  with 
him  and  also  to  pay  me  $40  for  it.  This  was  an  expres- 
sion of  liberality  to  which  I  had  been  quite  unused,  and 
caused  me  to  throw  up  engraving  and  quit  Fall  River 
for  Boston.  The  sympathy  and  friendship  thus  oi>ened  I 
was  permitted  to  enjoy  through  the  remainder  of  Mr.  Sar- 
gent's life,  which  was  of  great  advantage  to  me.  I 
bought  the  house  in  Prospect  Street,  Cambridgeport,  in 
1836,  where  I  resided  until  I860:  supporting  ray  family  by 
painting  portraits  and  miniatures  in  Boston. 

In  1844  my  son  George  Bassett  Clark, born  in  Lowell  Feb, 
14,  1827,  had  been  for  a  time  in  the  academy  at  Andovcr  as 
a  student,  with  the  view  of  qualifying  for  a  civil  engineer. 
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In  the  coarse  of  his  scientific  reading  this  youth  happened  to 
fall  in  with  some  account  of  casting  and  grinding  reflectors 
for  telescopes,  and  before  mentioning  it  to  me  had  procured 
his  metal  and  made  a  casting  for  a  small  mirror.  I 
watched  his  progress  in  grinding  and  polishing  with  much 
interest,  and  perceiving  a  growing  interest  on  his  part  I  was 
at  some  pains  to  acquaint  myself  with  what  had  been  done, 
and  how  done,  in  this  curious  art,  that  my  son  could  have 
the  benefit  of  my  maturer  judgment  in  giving  eflFect  to  his 
experiments.  We  spent  much  time  on  reflectors,  and  found 
for  ourselves  that  the  difficulties  which  have  led  to  such  an 
extensive  abandonment  of  this  form  of  telescope  were  really 
irremediable.  The  sacrifice  here  was  pretty  serious  for  us 
with  then  very  limited  means.  I  finally  proposed  to  the 
youth  to  try  a  refractor,  but  he  did  not  believe  we  could  suc- 
ceed with  it,  for  the  books  described  it  as  a  very  difficult 
thing. 

About  this  time  the  great  telescope  at  Harvard  College 
Observatory  was  put  to  use,  and  greatly  did  I  wish  to  see  it 
and  look  through  it,  but  Professor  Bond  informed  me  that  I 
must  come  with  an  order  from  President  Everett  before  this 
could  be  allowed.  This  order  was  speedily  obtained.  I  was 
far  enough  advanced  in  knowledge  of  such  matters  to  per- 
ceive and  locate  the  errors  of  figure  in  their  15-inch  glass  at 
first  sight,  yet  those  errors  were  very  small,  just  enough  to 
leave  me  in  full  possession  of  all  the  hope  and  courage 
needed  to  give  me  a  start,  especially  when  informed  that 
this  object  glass  alone  cost  twelve  thousand  dollars. 

I  began  by  reworking  some  old  and  poor  object  glasses 
of  small  instruments,  there  being  no  material  in  our  market 
of  suitable  quality,  and  after  gaining  confidence  and  tact, 
suflicient,  as  I  thought,  to  warrant  the  outlay,  I  imported 
one  pair  of  disks  of  5H  inches,  and  found  others  in  New 
York  of  larger  size  even  up  to  eight  inches,  of  very  good 
quality. 

^Ve  made  some  instruments  to  order  and  sold  some,  work- 
ed on  our  own  account ;  but  the  encouragement  was  small, 
until  I  reported  my  doings  to  Rev.  W.  R.  Dawes,  the  famous 
double^star  observer  in  England,  in  1851.  I  gave  him  the 
places  of  two  new  double  stars  I  had  discovered  the  next 
year  with  a  glass  4%  inches  diameter.  One  of  the  stars  was 
in  Sextans. 


114  The  Sidereal  Messenger. 


In  1853  I  had  finished  a  glass  of  7%  inches  aperture,  with 
which  the  companion  of  95  Ceti  was  discovered.  Upon  re- 
porting this  to  Mr.  Dawes,  he  expressed  a  wish  to  possess 
the  glass,  but  to  test  its  qualities  further  sent  me  a  list  of 
Struve's  difficult  double  stars,  wishing  me  to  examine  them, 
which  I  did  and  furnished  him  such  a  description  of  them  as 
satisfied  him  that  they  were  well  seen.  I  sold  him  this  glass, 
and  afterward  four  others,  one  of  which,  an  eight  inch 
in  the  hands  of  Huggins  has  become  well  known.  Knott, 
an  English  astronomer,  has  one  of  them  7^4  inches,  which 
he  greatly  prizes. 

Previous  to  1859  my  correspondence  with  Dawes  had  be- 
come more  extensive  than  with  any  other  fellow  mortal  in 
all  my  life.  I  visited  him  that  season,  carrying  with  me  one 
equatorial  mounting,  and  two  object  glasses,  one  of  8,  the 
other  8V4  inches.  All  were  admitted  without  duty  at  Liver- 
pool, though  I  paid  30%  on  the  rough  glass  in  Boston ;  nor 
was  that  all,  the  glass  was  warranted  first  quality,  and 
when  I  informed  the  deputy  collector  that  a  large  portion  of 
the  amount  in  invoice  was  in  consideration  of  the  warranty 
and  asked  him  if  any  allowance  would  be  made  in  case  it 
turned  out  worthless,  he  said,  **No,  not  a  cent,  if  you  buy 
the  devil  you  may  sell  him  again."  The  crown  did  turn  out 
defective,  and  I  had  to  import  another  and  pay  30%  again. 
But  we  were  then  under  a  Democratic  administration. 

I  spent  between  five  and  six  weeks  with  Mr.  Dawes,  vis- 
ited London  with  him,  and  we  attended  together  the  visita- 
tion at  Greenwich  Observatory  and  a  meeting  of  the  Royal 
Astronomical  Society,  seeing  and  conversing  with  many 
notable  personages,  among  them  Sir  John  Herschel  and  Lord 
Rosse.  Before  taking  leave  of  Dawes,  I  told  him  he  had 
paid  me  more  money  than  I  had  ever  received  from  one  in- 
di\ndual  in  all  my  dealings  with  my  fellow-men,  and  it  was 
most  gratif\'ing  to  me  that  he  cordially  allowed  that  I  de- 
served it. 

The  reports  concerning  the  performance  of  these  glasses, 
published  by  Mr.  Dawes  from  time  to  time,  in  the  Monthh' 
Notices  of  the  Royal  Astronomical  Society,  was  of  great 
service  to  me  in  procuring  orders,  without ^jwhich,  situated 
as  I  was,  the  proficiency  which  comes  from  long  practice 
could  never  have  been  reached.    In  1860  Dr.  F.  A.  P.  Bar- 
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nard,  now  President  of  Columbia  College,  New  York,  then 
Chief  of  the  University  of  Mississippi,  ordered  from  us  a 
telescope  to  be  larger  than  any  refractor  ever  before  put  to 
use.  I  say  we,  for  my  two  sons  G.  B.  and  Alvan  G.  Clark 
were  well  skilled  men,  on  whom  my  efforts  in  training  had 
not  been  thrown  away,  and  who  were  now  ready  to  em- 
bark in  an  undertaking,  the  importance  of  which  they  were 
qualified  to  appreciate. 

It  now  became  necessary  for  us  to  secure  more  commodi- 
ous quarters  than  had  serv^ed  our  purposes  thus  far,  and 
after  visiting  various  sites,  we  finally  settled  where  we  now 
are  purchasing  nearly  an  acre  and  one  half  of  land,  and 
erecting  our  buildings  in  the  summer  of  1860.  The  glass  for 
the  Mississippi  telescope  in  the  rough  was  received  from  the 
makers,  Messrs.  Chance  Bros.  &  Co.,  of  Birmingham,  Eng- 
land about  the  beginning  of  1862,  and  within  one  year 
from  that  time  Alvan  G.  Clark  discovered  with  it  the  com- 
panion of  Sirius,  which  after  a  few  days  in  a  fine  night  Pro- 
fessor George  P.  Bond  was  able  to  see  and  measure  with  the 
15-inch  telescope  at  Cambridge  Observatory.  Our  glass 
was  18%  inches,  and  for  the  production  of  such  a  lens, 
coupled  with  this  discovery,  the  Imperial  Academy  of  Paris 
awarded  my  son  the  Lalande  prize  for  1862. 

The  war  coming  on  and  cutting  off  all  communication 
with  Mississippi,  this  telescope  was  sold  to  parties  in  Chi- 
cago, and  is  now  in  charge  of  S.  W.  Bumham,  who  has 
gained  great  celebrity  by  double  star  discoveries;  though 
much  of  his  work  has  been  done  with  a  glass  of  only  six 
.  inches  aperture. 

We  have  made  many  instruments  of  smaller  size,  but  one 
of  12^4  inches  for  the  Pritchett  School  Institute  of  Glasgow, 
Missouri ;  one  of  12%  inches  for  Dr.  Henry  Draper,  of  New 
York,  one  of  11%  inches  for  the  Austrian  Observatory  at 
Vienna,  and  one  of  11  inches  for  the  Observatory  at  Lisbon, 
Portugal.  Also  one  of  12  inches  for  the  Wesley  an  Univer- 
sity of  Middleton,  Conn.,  and  have  now  in  hand  one  of  15% 
inches  for  the  University  of  Wisconsin,  at  Madison. 

But  the  most  important  work  we  have  ever  attempted 
was  making  two  tjlescopes  of  26  inches  clear  aperture,  one 
for  our  government,  and  one  for  L.  J.  McCormick,  of  Chi- 
cago.   The  orders  for  them  were  received  in  the  summer  of 
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1871.  The  government  telescope  was  delivered 
autumn  of  1872,  and  it  was  with  this  instrument  that  Pro- 
fessor Asaph  Hall  discovered  the  two  satellites  of  Mars  at 
the  time  of  its  last  opposition.  The  government  paid  us  for 
this  work  $46,000,  The  McCormick  telescope  is  not  yet 
entirely  finished,  but  will  be  very  quickly  when  provisions 
are  made  for  it,  in  the  way  of  a  suitable  site  and  buildings, 
and  the  support  of  a  competent  astronomer. 

Now  I  must  give  a  narrative  in  response  to  another  riuery. 

Dr.  Jacob  Bigelow  returned  from  a  visit  to  Europe  soon 
after  the  great  telescope  at  Cambridge  was  placed  in  the 
Oliservatory.  Knowing  that  he  had  Ijeen  in  Munich  where 
it  was  made,  I  asked  him  one  day  in  the  street  if  he  saw  the 
establishment  where  it  was  made  ?  He  answered  in  the  neg- 
ative. When  [  informed  liira  that  I  was  interested  in  such 
matters  and  was  then  at  work  upon  object  glasses,  he  re- 
marked, that  if  I  wished  to  learn  to  make  telescopes  I  must 
go  where  they  make  them,  and  passed  along.  Some  years 
later  the  Rumford  Committee  sought  information  as  to  . 
what  original  means  or  methods  I,  employed.  My  reply 
was  that  I  knew  so  little  of  the  doings  of  others  that  I 
could  not  say,  but  if  they  would  meet  at  our  shop,  I  would 
explain  to  them  as  well  as  1  could  the  steps  by  which  I  had 
been  in  the  habit  of  bringing  object  glasses  into  figure. 

The  result  was  the  Rumford  prize  was  awarded  me  for  a 
method  of  local  correction.  Upon  the  occasion  of  its  pres- 
entation, the  Academy  meeting  was  attended  by  Or,  Bige- 
low. The  president.  Professor  Asa  Gray,  stated  the  grounds 
on  which  the  award  was  made,  and  I  replied  as  well  as  I 
could.  Charles  G.  Loring  and  Dr.  Bigelow  were  seated  near, 
and  I  heard  one  say  to  the  other,  "that  was  well  doac." 
After  the  adjournment  I  reminded  Dr,  Bigelow  of  his  saying 
that  if  I  wished  to  learn  to  make  telescopes  I  must  go  where 
they  make  them,  and  added  that  I  had  been.  "Have  you, 
where?"    Cambridgeport  was  my  reply. 

I  met  Dr,  Hare  at  the  August  meeting  of  scientists  at  Al- 
bany in  1856.  Finding  him  soon  after  in  Boston,  I  invited 
him  to  sit  for  a  portrait,  which  I  finally  sold  to  Dr.'Henry  for 
$100." 

So  you  will  perceive  that  the  three  periods  of  ray  life  of 

•  Thi«  wB«  Ptt>fcMorJi>»«ph  Hmry,  Stcrttnry  ut  Director  of  the  Smithsonian  tn- 
■UluUon  Kt  Winhiinlon.  when  ihe  portrait  U  •till  prctrnnl — W.  A.  8. 
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which  yoa  write,  have  been  considerably  blended.  Lives 
thus  changefhl  are  frequently  troubled  in  their  finances,  but 
I  have  been  fortunate  enough  to  meet  my  money  promises 
all  along,  and  have  a  fair  reserve  for  a  rainy  day. 

I  have  received  the  degree  of  A.  M.  from  Amherst,  Chicago, 
Princeton  and  Harvard.  I  have  read  much  popular  astron- 
omy, but  in  its  mathematics  I  am  lamentably  deficient. 
You  will  see  by  the  printed  papers  I  shall  send  with  this 
that  I  have  made  some  use  of  telescopes.  I  have  lived  to  see 
the  companion  of  fi  HercuUs  therein  mentioned  go  through 
consido'ably  more  than  half  a  revolution. 

This  is  the  most  of  an  autobiography  I  have  ever  pre- 
pared, and  my  condition  is  such  that  I  shall  probably  never 
make  another  attempt,  so  I  would  like  you  to  preserve  this 
after  selecting  your  points,  for  some  of  the  Ashfield  people 
may  be  pleased  to  see  it.  Let  me  know  at  once  if  it  is  safely 
received,  and  when  you  puplish  send  me  a  copy  of  your  pro- 
duction. 

I  will  add  further  what  may  be  of  interest.  I  have  always 
voted  with  the  Republicans  when  voting  at  all  since  they 
came  into  power,  but  have  never  attended  caucuses  or  held 
an  office.  I  have  never  been  a  church  member,  nor  had 
either  of  my  parents,  but  my  faith  in  the  universality  of 
God's  providence  is  entire  and  unswerving.  My  grand- 
fathers died  one  at  87,  and  the  other  88.  I  knew  them  * 
well,  and  they  were  good  men.  Both  had  been  engaged  in 
killing  whales. — I  have  never  heard  of  one  of  my  progenitors 
— Thomas  Clark*  of  the  Mayflower  was  one — as  being  a 
bankrupt,  or  grossly  intemperate. — I  was  never  but  once 
sued,  and  in  that  case  employed  Joel  Giles  as  counsel,  who 
made  a  compromise  without  going  to  trial.  I  never  sued 
but  one  man,  and  that  was  Collector  Austin,  and  I  gained 
my  case.  I  never  studied  music  or  attended  an  opera  in  my 
life,  and  know  nothing  of  chess  or  card  playing. — I  never 

learned  to  dance,  but  was  a  good  swimmer,  though  lack- 
ing generally  in  the  points  which  go  to  make  an  expert 
gymnast. — I  have  long  been  a  member  of  the  American 
Academy  of  Arts  and  Sciences,  and  my  son  G.  B.  enjoys  the 
same  honor  more  recently  conferred. 

I  hope  the  above  will  serve  your  purpose. 

Yours  with  great  esteem, 
Alvan  Clark. 

*  PixMn  whom  Clark's  Island,  near  Plymoath,  takes  its  name. 
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TOTAL  SOLAR  ECLIPSE,  JAN.  x,  1889. 
PROFESSOR   WINSLOW   UPTON.* 


For  THB  MB88BNGBK. 

The  followiTig  account  of  the  observations  made  at  Wil- 
lows, California,  by  Mr.  A.  L.  Rotch,  proprietor  of  the  Blue 
Hill  Observatory,  and  myself  may  be  of  interest. 

We  located  at  Willows,  California,  about  2,700  feet  W.  N. 
W.  of  the  station  occupied  by  the  Harvard  Observatory 
party.  Our  selection  of  Willows  was  by  invitation  of  the 
Harvard  party,  and  our  observations  supplement  those 
made  by  Mr.  Pickering  and  his  assistants.  We  were  obliged 
to  go  to  a  different  part  of  the  town,  however,  to  secure 
proper  exposure  of  the  wind  instrument.  The  observations 
planned  were  chiefly  to  detect  the  atmospheric  fluctuations 
caused  by  the  withdrawal  of  the  sun's  heat,  and  to  observe 
the  shadow  bands. 

The  instrumental  equipment  consisted  of  three  sensitive 
aneroid  barometers  and  one  self-registering  barograph,  wet. 
and  dry-bulb  thermometers,  self-registering  maximum  and 
mimimum  thermometers  of  special  sensitiveness,  a  pair  of 
black  and  bright  bulb  thermometers  in  vacuo  to  determine 
the  solar  radiation,  a  self-registering  Violle  actinometer,  a 
self-registering  anemometer  of  the  Robinson  pattern  and  a 
sensitive  self-registering  wind  vane.  Besides  these  meteor- 
ological instruments  were  a  field  chronograph,  a  three-inch- 
telescope  and  a  small  camera.  The  wind  and  radiation  in- 
struments were  mounted  upon  the  railing  of  a  tower  about 
forty  feet  above  the  ground,  and  the  suitable  exposure  of 
all  the  instruments  was  carefullv  secured. 

The  observations  consisted  of  five  minute  readings  of  all 
the  meteorological  instruments  except  those  which  were  self- 
registering.  During  totality  a  60-second  exposure  was  made, 
the  camera  pointed  upon  a  newspaper  fifteen  feet  from  it,  in 
order  to  determine  the  brightness  of  the  sky  during  the 
eclipse,  as  requested  by  Professor  Todd.  Special  attention 
was  given  to  the  shadow  bands,  both  observers  and  two 
others  joining  in  this  part  of  the  work.  Part  of  the  plan 
was  an  attempt  to  photograph  them  for  which  purpose 


•  Professor  of  Astronomy  in  Brown  University,  Providence,  R.  Ij 
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two  large  white  screens  were  erected,  one  vertical,  the 
other  inclined  45°,  27  feet  from  the  camera.  The  contacts 
were  observed  and  sketches  of  the  corona  made. 

The  results  of  work  may  be  stated  summarily  as  follows : 
The  temperature  fell  5°  and  reached  its  lowest  point  ten 
minutes  after  the  total  phase;  the  humidity  rose  thirty  per 
cent;  the  dew  fall  was  not  appreciable  on  the  ground,  but 
papers  were  perceptibly  dampened ;  the  barometric  pressure 
fell  and  rose  but  nearly  in  the  usual  diurnal  curve ;  the  wind 
died  down  nearly  calm,  and  increased  after  totality;  its  direc- 
tion, which  was  north,  suflFered  a  slight  deflection  towards  the 
west  near  the  time  of  the  total  phase.  All  of  these  effects 
can  be  ascribed  to  the  eclipse.  The  shadow  band  observa- 
tions were  not  as  successful  as  had  been  hoped.  Besides  the 
white  screens  mentioned  above,  white  sheets  were  spread 
upon  the  ground,  and  all  four  observers  watched  for  them 
carefully  both  before  and  after  the  total  phase,  while  one 
observer  watched  for  them  also  during  totality.  The  writer 
was  the  only  one  of  the  observers  who  saw  them  at  all,  and 
•his  view  was  a  mere  glimpse  thirty-four  seconds  before  the 
beginning  of  totality.  They  were  about  an  inch  wide  and 
3  to  4  inches  apart,  apparently  stationary,  and  were  seen 
upon  the  vertical  screen  towards  which  the  camera  was 
pointed.  An  exposure  of  one- fifth  second  was  made.  The 
plate  on  development  showed  no  sign  of  the  bands,  but  the 
fact  that  the  screens  are  well  defined  and  also  the  shadow  of 
a  tree  upon  them  shows  that  the  photographic  power  of  the 
light,  even  so  near  totality,  is  remarkably  strong.  The 
plates  used  were  Seed  plates,  very  sensitive. 

The  shadow  band  observations  were  made  in  accordance 
with  a  plan  by  which  records  of  the  same  kind  were  to  be  se- 
cured at  a  numl)er  of  stations,  as  explained  in  a  circular 
which  had  been  widely  distributed.  Fourteen  reports  have 
been  received.  It  is  shown  bv  them  that  the  bands  in  this 
eclipse  were  faint  and  narrow.  The  estimates  of  velocity 
are  various  but  all  the  reports  agree  in  assigning  the  direc- 
tion in  which  they  lay  before  the  total  phase  as  N.E.  to  S.W. 
Other  interesting  facts  will  be  brought  out  when  the  records 
are  discussed. 

The  first  contact  was  lost  from  clouds ;  the  others  were 
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carefully  observed  and  the  comparison  with  the  times  cakn- 
lated  from  the  date  in  the  American  Ephemeris  is  as  follows : 

CALCULATED.         OB8BRTBD. 

Second  contact 1  47  46         47  48.5 

Third  contact 1  49  42         49  47.0 

Fonrth  contact 3     7  46  7  43.5 

During  totality  it  was  perfectly  easy  to  read  the  seconds 
dial  of  a  white  watch  face,  and  the  brightness  was  about 
that  20  minutes  after  sunset  on  the  same  evening.  The  sky 
was  perfectly  clear  in  the  region  occupied  by  the  sun  during 
the  time  of  totality  and  the  corona  observed  under  specially 
favorable  conditions. 


to1:al  solar  ecilpse  report. 


J.  A.  BRASHBAR. 
For  the  Messenger. 

I  am  not  certain  that  my  work  on  the  eclipse  is  of  any 
great  value.  I  decided  to  go  at  such  a  late  date,  that  I  had 
little  time  to  prepare  for  it ;  in  fact,  four  days  before  start- 
ing I  had  no  telescope;  in  that  brief  period  I  had  a  4%- 
inch  refractor  ready  for  shipment.  It  is  perhaps  as  fine 
a  glass  as  we  have  ever  turned  out,  and  Mr.  Burckhalter 
would  not  let  me  bring  it  away  from  San  Francisco,  but 
kept  it  ** right  there"  as  he  enthusiastically  said.  At  the 
request  of  Professor  Very,  of  the  Allegheny  Observatory, 
I  made  as  nearly  as  I  could,  a  sketch  of  the  south  polar 
corona,  confining  my  work  to  that  alone,  though  I  was 
tempted  by  the  beauty  of  the  scene  to  drop  pencil  and  look. 
I  believe  it  was  of  Professor  Peters  that  the  storv  is  told, 
that  he  was  asked  what  instruments  he  would  take  to  the 
next  eclipse  and  he  replied  **  a  pillow,*'  and  so  I  felt.  Our  sta- 
tion was  at  Winnemucca,  and  Professor  Howe  with  Col. 
Maxson  had  made  arrangements  with  Dr.  Elkin,  of  Yale 
University  Observatory  and  Mr.  Henry  Phipps  of  Allegheny. 
Col.  Maxson*s  camp  was  about  IVi  miles  from  the  town 
where  two  tents  were  put  up,  and  the  instruments  set.  It 
is  not  necessary  to  give  the  names  of  the  party  for  they  have 
been  published  already. 

The  day  dawn  was  exquisite.    I  had  walked  about  four 
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miles  from  the  town  before  sanrise  to  see  the  glorious  orb  of 
day  come  ap  from  the  eastern  momitain  range.    I  was  not 
disappointed.    I  saw  a  sight  never  before  witnessed.    The 
color  display  around  the  sun  was  glorious ;  but  all  at  once  a 
column  of  the  loveliest  hues  stood  up  before  me  with  its 
apex  in  line  with  the  sun,  and  its  base,  like  that  of  the  rain- 
bow, resting  in  a  **  pot  of  gold  "  not  far  oflF  yet  ever  receding 
as  I  advanced.    I  found  it  was  caused  by  ice  crystals  that 
were  being  driven  to  the  westward  by  a  gentle  breeze,  and 
the  dark  background  of  the  mountain  bringing  it  out  inglor- 
ious relief    But  this  is  not  the  eclipse  of  the  sun,  is  it  ?    Well, 
everything  was  ready  by  the  time  the  moon  was  to  put  in  an 
appearance.  In  order  to  help  Professor  Howe  I  took  first  and 
last  contact,  rating  my  watch  from  his  chronometer,  which 
was  corrected  from  signals  from  Lick  Observatory.    My  first 
contact  was  a  little  slow,  perhaps  two  seconds,  as  I  was 
carefully  watching  to  see  if  I  could  not  catch  the  moon's  limb 
projected  on  the  solar  corona.    The  point  of  first  contact 
being  a  little  high  in  the  field  I  did  not  see  the  limb  of  the 
moon  until  contact,  although  I  do  think  it  should  have  been 
seen  in  that  exquisite  atmosphere.    I  had  an  excellent  polar- 
izing helioscope  with  me,  and  as  the  moon's  limb  advanced 
on  the  sun's  disc  the  projection  of  the  lunar  mountains,  pre- 
sumed to  be  the  Doerful  Mts.,  was  clear  cut  and  well  defined 
as  I  ever  saw  them,  and  the  granular  surface  of  the  sun  came 
out  beautifully.    Professor  Howe  and  Mr.  Davidson  coin- 
cided with  me  in  this,  after  observing  it  with  the  four-inch 
telescope,  using  the  polarizing  eye-piece. 

As  totality  approached,  my  sketching  arrangements  were 
made  ready  and  consisted  of  a  piece  of  plate  glass  half  of 
which  was  finely  ground  and  the  other  half  left  plain,  the  line 
between  the  two  being  a  curve  representing  the  limb  of  the 
moon.  This  made  a  splendid  sketching  plate  when  it  was 
feebly  illuminated  by  a  lamp  behind  it  and  it  could  be  used 
as  a  photographic  negative  reproducing  in  white  the  black 
pencil  lines.  I  had  practiced  sketching  frost  crystals  rapidly 
and  when  totality  brought  out  the  delicate  structure  of  the 
polar  corona  I  did  my  best  to  sketch  the  finer  detail  of  the 
south  polar  corona,  at  the  same  time  outlining  the  two 
beautiful  protuberances  that  were  at  either  edge  of  the  field, 
one  of  which  was  very  interesting   from  the  fact  that  a 


122  The  Sidereal  Messenger. 


tongue  of  flame  had  become  detatched  from  that  part  rest- 
ing on  the  sun*s  limb. 

The  chromosphere  was  observed  in  all  its  gorgeousness 
and  simply  outlined,  as  I  stuck  to  my  task  of  sketching  a 
few  degrees  of  the  south  polar  corona. 

After  the  appearance  of  the  sun  I  shifted  the  telescope  so 
as  to  observe  how  long  I  could  see  the  coronal  fringe.  I 
was  certain  I  saw  it  well  for  half  a  minute,  and  the  hazy 
light  could  be  seen  for  some  seconds  afterwards.  The  last 
contact  agreed  with  Professor  Howe's  observation  within 
half  a  second. 

Finally  I  must  say  that  the  good  people  of  Winnemucca 
were  very  kind,  and  Col.  Maxson  did  all  he  could  to  make 
the  work  of  the  party  a  success,  and  the  eclipse  of  Jan.  1, 
1889  will  long  be  remembered.  Professor  Howe  is  an  enthu- 
siastic man,  and  he  will  succeed.  Dr.  Elkin  was  not  well,  so 
he  observed  at  the  hotel. 


WASHINGTON  UNIVERSITY  ECLIPSE  PARTY. 


PROFESSOR  C.  M.    CttARROPIN.* 

The  party  from  St.  Louis  was  composed  of  Professor 
Pritchett,  in  charge  of  the  Washington  University  party,  and 
Professors  Nipher  and  Engler  of  that  University  and  mj'self. 
We  had  been  provided  with  all  necessary  instruments  for 
making  the  observations,  some  of  which  had  been  kindh* 
placed  at  our  disposal  by  the  government,  and  all  these  had 
been  sent  on  before,  and  we  went  with  the  determination  of 
making  the  most  of  the  splendid  opportunity  that  was  open 
to  us,  providing  there  should  be  no  clouds  or  hazy  atmos- 
phere to  interfere  with  the  observations.  Professor  Pritch- 
ett had  determined  to  make  Norman  as  our  observing  sta- 
tion, this  being  considered  the  most  favorable  spot  in  the 
Sacramento  vallev.  We  had  sent  our  instruments  to  Wil- 
lows,  but  we  were  unwilling  to  settle  at  that  point,  the  sta- 
tion being  already  occupied  by  Professor  Pickering  and 
party  of  Harvard  College. 


•  Department  of  Chemistry   and  Astronomy   of  the  St.   Louis  University,  St. 
Louis,  Mo. 
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At  Willows  we  were  kindly  received  by  Professor  Picker- 
ing, who  invited  us  to  his  station.  We  found  him  well  equip- 
ped, with  two  13-inch  telescopes  equatorially  mounted,  spec- 
troscopes, cameras,  etc. 

Early  next  morning  we  were  at  the  railroad  station,  but 
to  our  great  disappointment  we  were  informed  that  the 
freight  train  was  six  hours  behind  time.  Professor  Engler, 
who  had  an  eye  to  business,  perceived  a  locomotive  and  he 
at  once  telegraphed  to  the  superintendent  at  Sacramento  for 
the  use  of  the  locomotive  to  pull  our  freight  car  to  Norman. 
A  quarter  of  an  hour  later  a  message  from  Sacramento  an- 
nounced that  our  request  had  been  granted.  Through  the 
kindness  of  the  superintendent  we  were  landed  safely  at  Nor- 
man about  9  o'clock  a.  m.,  and  here  I  must  acknowledge  the 
great  kindness  of  the  railroad  men  all  along  the  line. 

The  remainder  of  the  day  was  spent  in  building  sheds  and 
placing  our  telescopes  in  position.  We  were  all  delighted 
with  our  station;  a  beautiful  little  cottage  with  roses  in 
bloom  in  front  of  the  house,  good-hearted  and  jovial  com- 
panions ;  our  location  on  the  very  center  of  totality ;  no  one 
to  disturb  us  we  formed  a  happy  little  family.  Professor. 
Valle  of  the  University  of  Tacubaya,  just  outside  the  City  of 
Mexico,  had  joined  our  party,  and  his  services  were  valuable 
to  us.  Five  days  of  preparation  were  left  us,  and  not  a  min- 
ute of  time  was  lost.  Professor  Pritchett  had  assigned  to 
each  astronomer  his  special  task.  Our  astronomical  clock 
at  first  refused  to  do  its  duty,  but  under  the  control  of  Pro- 
fessor Nipher  it  soon  learned  to  obey.  Many  photographs 
were  taken  to  test  the  power  of  the  government  lenses,  and 
we  obtained  ver>'  fair  negatives  of  the  crescent  moon,  of  the 
sun,  of  Venus  and  other  celestial  objects,  and  terrestrial 
scenes  were  also  photographed.  The  camera  I  had  brought 
along  did  not  remain  idle.  We  obtained  good  negatives  of 
the  station,  of  the  instruments,  the  surrounding  mountains, 
etc.  Even  an  instantaneous  shot  at  a  flock  of  wild  geese  left 
its  impression  on  the  sensitive  plate.  Finally  the  great  day 
came.  Our  preparations  were  complete  and  our  exact  lati- 
tude and  longitude  had  been  determined  by  many  observa- 
tions. But  a  cloudy  sky  seemed  to  cast  a  gloom  on  the  faces 
of  the  observers ;  one  alone  appeared  to  be  confident  of  suc- 
cess. 
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The  supreme  moment  approached.  Each  astronomer  was 
at  his  post;  a  solemn  silence  prevailed.  The  sun  peeped 
through  the  clouds,  but  soon  was  veiled  again. 

"Time!"  called  the  observer  at  the  chronometer.  The 
first  contact  was  lost. 

The  look  of  anxiety  depicted  on  the  contenance  of  even,- 
observer  would  have  been  a  fit  subject  for  the  camera,  but 
the  camera  was  idle.  Few  words  were  exchanged,  but  our 
silence  spoke  volumes. 

A  special  train  then  arrived  from  San  Francisco.  Mr, 
Rideout  and  family,  Senator  Boggs  and  many  friends  were 
present.  A  sumptuous  lunch  had  been  prepared,  but  the  as- 
tronomers had  no  appetite.  Clouds  on  clouds  swept  over 
the  sun,  the  darkness  now  liecame  apparent ;  nature  assumed 
an  unearthly  appearance;  a  greenish,  awe-inspiring  light 
shone  on  the  tips  of  the  neighboring  mountains.  Suddcnly 
the  clouds  opened,  the  sun  and  moon  appeared  in  a  clear 
blue  sky.  A  shout  of  joy  and  admiration  burst  forth  from 
everj-  pair  of  lungs.  The  last  lingering  ray  of  the  sun  dis- 
appeared; the  corona  burst  forth  in  all  its  glory  and  maj- 
esty ;  four  planets  and  many  stars  shone  brightly.  A  perfect 
silence  followed,  disturbed  only  by  our  astronomical  clock 
beating  the  half  seconds. 

Our  observations  were  ver>'  successful,  Bailey's  beads  were 
distinctly  seen.  We  have  six  excellent  negatives  of  the  coro- 
na, showing  all  the  det.iils  of  the  streamers  of  the  outer 
corona  Six  protuberances  are  distinctly  marked.  These  red 
flames  of  hydrogen,  being  nonactinic,  were  supposed  to  l>e 
beyond  the  reach  of  a  gelatine  plate  during  a  short  exposure, 
but,  thanks  to  Mr.  Seed,  who  had  made  a  special  emulsion 
for  the  eclipse  party  and  furnished  us  with  excellent  plates, 
our  success  was  beyond  all  expectation. 

After  shakings  of  hands  and  mutual  congratulations,  wc 
packed  carefully  our  instruments  and  left  for  San  Francisco 
on  the  following  day.  There  Professor  Prichett  gave  to  his 
party,  at  the  Palace  Hotel,  a  grand  eclipse  dinner.  The 
same  evening  the  party  left  for  Mount  Hamilton.  Sickness 
detained  mc  two  days  at  Santa  Clara  College.  From  the 
college  1  could  see  the  Lick  Obser\'atory  over-towering  the 
clouds.  It  was  painful  to  an  astronomer  tosee  at  adistanee 
the  land  of  promise  and  not  be  able  to  enter  it.    My  party 
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cotild  not  wait  for  me.  They  started  with  a  heavy  rain, 
spent  two  days  at  Mount  Hamilton  well  impressed  with  the 
grandeur  of  the  monster  telescope,  but  the  seeing  was  poor 
on  account  of  the  bad  weather.  Returning,  they  met  me 
climbing  up  the  slope  with  a  team  of  two  fine  horses.  In  a 
bee-line  the  Lick  Observatory  is  13  miles  from  San  Jos^,  our 
starting  point.  But  the  road,  which  is  like  '^a  wounded 
snake  dragging  its  slow  length  along,"  is  27  miles.  After  a 
ride  of  six  hours  I  arrived  at  the  Observatory.  The  scenery 
is  gorgeous.  The  deep  canyon ;  the  brilliant  effects  of  a  rising 
sun  on  distant  mountains;  the  snow-capped  Sierra  Nevadas 
200  miles  away;  the  deep  vallfeys  covered  with  a  carpet  of 
green  grass,  are  descriptions  which  belong  to  the  po^  and 
should  be  left  untouched  by  the  astronomer. 

Professor  Holden,  who  is  not  only  a  great  astronomer, 
but  a  scholar  and  a  perfect  gentleman,  received  me  with  the 
greatest  cordiality.  He  gave  me  the  use  of  the  great  tele- 
scope for  two  hours.  From  12  midnight  to  2  o'clock  in  the 
morning  I  feasted  my  eyes  on  celestial  objects. 

The  night  was  clear  and  beautiful,  Saturn  was  a 
beautiful  object.  It  appeared  much  larger  in  the  tele- 
scope than  the  moon  appears  to  the  naked  eye.  The  mark- 
ings on  the  sphere  of  the  planet  were  well  defined  and  ex- 
tended almost  to  the  poles.  Seven  moons  shone  brightly, 
but  coy  Mimas  was  hidden  behind  the  old  god.  The  nebula 
in  Orion  was  another  object  of  great  interest,  but  it  baf- 
fles all  description.  The  six  stars  of  the  Trapezium  were 
separated,  and  the  **  Nova,"  Alvan  Clark's  star  was  barely 
visible.  Nebulous  matter  extended  far  beyond  the  field  of 
the  telescope.  I  next  observed  double  stars  and  nebulae,  ob- 
jects familiar  to  me,  but  how  differently  they  now  appeared. 
How  insignificant  to  me  is  my  small  telescope  which  but 
lately  I  prized  so  much.  The  large  telescope  weighs  10  tons, 
and  yet  it  is  so  well  balanced  that  I  could  move  it  with  one 
hand.  At  2  o'clock  a.  m.  Professor  Schaeberle  brought  me  to 
my  room.  After  a  good  rest  and  a  hearty  breakfast  Professor 
Holden  brought  me  to  his  sanctum.  He  showed  me  excellent 
photog^phs  of  the  moon,  the  work  of  Professors  Bumham 
and  Barnard,  who  are  excellent  artists  as  well  as  good  as- 
tronomers. I  had  a  long  talk  with  Professor  Holden,  whose 
conversation  is  both  interesting  and  instructive.    The  next 
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part  of  the  program  was  to  climb  up  the  hill.  We  formed  a 
party  of  three,  Professor  Swift  of  Rochester,  N.  Y.,  Professor 
Barnard,  the  discoverer  of  twelve  comets,  and  myself.  We 
visited  Mount  Copernicus,  Mount  Galileo  and  Mount  Kef>- 
pler.  From  the  last  named  we  had  a  sight  of  the  Pacific 
Ocean,  fift3'^  miles  distant.  Professor  Barnard  was  our 
leader.  He  climbed  up  the  steep  cliffs  like  a  deer,  encourag- 
ing us  to  follow  him  by  both  word  and  example.  A  more 
genial  companion  than  Professor  Barnard  I  never  met  be- 
fore. It  is  difiicult  to  say  what  is  to  be  admired  more  in  him 
— the  eflScient  astronomer,  the  refined  gentleman  or  the 
genial  companion  who  seems  to  forget  himself  in  order  to 
make)iis  guests  happy.  The  remembrance  of  Mount  Ham- 
ilton shall  not  soon  fade  from  my  memory. 


AMATEUR  ASTRONOMY. 


The  friendly  relations  which  were  established  between  the 
professional  astronomers  at  Mount  Hamilton  and  the  ama- 
teur photographers  and  amateur  astronomers  of  San  Jos£ 
and  coast  on  the  occasion  of  the  recent  eclipse  of  the  sun 
have  almost  spontaneously  resulted  in  the  formation  of  an 
astronomical  association.  Just  prior  to  the  eclipse  a  pam- 
phlet of  information  relative  to  it  was  issued  from  the  Lick 
Observatory,  and  was  widely  read  and  followed  by  the  many 
photographers  and  amateur  astronomers,  and  the  commun- 
ity of  interests  led  to  friendly  relations  and  intercourse.  Dur- 
ing the  first  week  of  last  month  these  culminated  in  the  in- 
itiatory steps  being  taken  toward  the  formation  of  the  As- 
tronomical Society  of  the  Pacific  Coast,  as  first  suggested  in 
the  field  on  Januarj-  1st.  The  meeting  was  immediately  fol- 
lowed by  a  discussion  of  the  constitution  and  by-laws  of  the 
new  association  referred  to. 

The  following  temporary  officers  were  elected  to  hold  office 
until  the  the  annual  election  of  officers,  which  will  be  held  on 
the  last  Saturday  in  next  month:  Edward  S.  Holden,  presi- 
dent; J.  M.  Schaeberle,  \'ice-president;  C.  Burckhalter,  secre- 
tary; E.  J.  Molera,  treasurer.  The  newly  elected  officers  at 
once  agreed  to  issue  a  circular  inviting  all  who  take  a  gen- 
uine interest  in  astronomy  to  join  the  society.    The  circular 


Amateur  Photography,  127 


which  was  adopted  sets  forth  that  meetings  shall  be  held 
part  of  the  j'ear  in  San  Jos€  and  the  remaining  portion  at 
Mount  Hamilton  ObservatorA-;  and  that  a  journal  devoted 
to  the  astronomical  interests  of  the  coast  and  the  diffusion 
of  general  knowledge  on  astronomy  should  be  established. 
The  names  of  thirty-four  private  individuals  were  set  down 
as  members,  and  copies  of  the  circular  will  be  at  once  for- 
warded to  the  members  of  the  Academy  of  Sciences,  the 
Technical  Societj',  the  Microscopical  Society',  the  Geographi- 
cal Socict}:,  the  Historical  Society  of  San  Diego  and  other 
similiar  bodies,  as  well  as  the  various  colleges  and  universi- 
ties of  the  coast. 

The  constitution  and  by-laws  were  then  discussed  and 
adopted.  The  object  of  the  society  is  therein  set  forth  sim- 
ply as  the  advancement  of  the  science  of  astronomy.  The 
headquarters  of  the  society  are  to  be  in  San  Jos€,  and  until 
suitable  quarters  have  been  obtained  the  annual  meetings 
will  be  held  on  the  last  Saturday  in  March  in  the  rooms  of 
the  Amateur  Photographers'  Association.  Eleven  directors 
uvill  have  control  of  the  business  of  the  society  and  special 
officers  will  be  appointed  and  paid  as  such  are  required.  An 
astronomical  library  is  to  be  formed  under  the  care  of  a  lib- 
rarian. The  meetings  will  be  held  everj'  two  months,  those 
in  May,  July  and  September  in  the  library'  of  the  Lick  Obser- 
vatory, those  in  Januar>',  March  and  November  in  San  Jos€, 
all  meetings  being  held  on  the  last  Saturday  of  each  of  the 
months  named. 


CURRENT  INTERESTING  CELESTIAL  PHENOMENA. 


THE  PLANETS. 

Mercury  may  be  seen  in  the  morning  during  the  first  half 
of  March,  rising  in  the  southeast  about  an  hour  before  the 
stm.  During  the  latter  part  of  this  month  and  the  whole  of 
April  he  will  be  too  near  the  rays  of  the  sun  and  too  far  from 
the  earth  to  be  well  seen.  No  doubt  manv-of  our  readers 
noticed  how  conspicuous  this  planet  was  in  the  southwest 
after  sunset  during  the  first  few  daj's  of  February'. 

Venus  will  be  at  her  greatest  brilliancy  March  25.  No 
doubt  many  have  noticed  during  the  past  month  the  percep- 
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lible  shadows  which  are  cast  by  abjccts  in  the  light  of  this 
planet.  The  writer  was  considerably-  surprised  a  few  even- 
ings since,  on  opening  the  dome  towards  Venus,  to  notice 
the  intensity  of  the  shadows  of  the  equatorial  thrown  upon 
the  opposite  wall  of  the  dome.  Several  very  fair  telescopic 
views  have  been  obtained  but  none  when  the  seeing  could  be 
called  perfect  or  even  excellent.  No  markings  could  be  de- 
tected on  the  illuminated  half  of  the  disk  but  the  gradual 
shading  off  at  the  terminator,  indicating  twilight  in  the  at- 
mosphere of  the  planet,  was  verj'  perceptible.  Although  the 
phase  was  only  slightly  gibbous,  considerably  more  than 
half  the  disk  was  illuminated.  Venus  is  easilj'  visible  in  fiill 
sunlight  during  the  afternoon.  Several  persons  have  written 
concerning  their  own  observations,  and  the  writer  has 
several  times,  while  walking  across  the  college  grounds,  de- 
tected the  planet  by  a  single  glance  at  that  portion  of  the 
sky  where  it  was  known  to  be.  The  phase  of  Venus  is  dim- 
inishing rapidly,  the  illuminated  portion  of  the  disk  being 
0.356  March  15,  0.276  March  25,  the  time  of  greatest  bril- 
liancy, and  0.084  April  15,  while  the  apparent  diameter  of 
the  disk  will  increase  from  33.2"  March  15  to  53.4"  .\pril 


Afars.  though  still  visible  in  the  early  evening  a  little  west 
of  Venus,  is  so  distant  from  the  earth  that  its  apparent 
diameter  is  only  4.3",  so  that  no  detail  can  be  made  out 
upon  its  surface. 

Jupiter  is  coming  in  good  position  for  observations  in  the 
morning  and  we  give  again  the  phenomena  of  the  satellites 
which  may  be  observed  and  the  approximate  times  of  trans- 
it of  the  great  red  spot  across  the  center  of  the  disk.  An 
interesting  report  on  the  observations  of  Jupiter  in  1887 
and  1888,  is  given  by  Mr.  \V.  F.  Denning  in  the  December, 
last,  number  of  the  Journal  of  the  Liverpool  Astronomical 
Society.  Few  obser\-ers  have  paid  much  attention  to  the 
red  spot,  but  a  long  series  of  obHer\'ations  by  Mr,  A.  Stanley 
Williams  at  Brighton  gives  for  the  rotation  period  of  this 
spot  9/j  55ra  39.6.S  or  Is  less  than  the  period  adopted  in  Mr. 
Marth's  ephemeris.  Eighteen  observations  of  an  equatorial 
white  spot  give  for  its  period  of  rotation  9A  50ni  28s  or  5m 
12s  less  than  that  of  the  red  spot.  Mr.  Williams  says: 
"A  gradual  change  took  place  in  the  whole  aspect  of  tbc 
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planet  in  the  coarse  of  the  opposition  of  1888.  Last  j-^ear 
nearly  all  the  equatorial  spots  both  white  and  dark,  were 
ranged  along  the  south  equatorial  belt.  In  the  latter  part 
of  the  previous  opposition  corresponding  white  spots  had 
formed  by  the  north  equatorial  belt,  opposite  to  nearly  all 
the  white  equatorial  spots  by  the  south  belt,  the  two  op- 
posed spots  being  generally  connected  by  a  white  streak. 
Most  of  the  dark  equatorial  spots  south  of  the  equator 
also  had  corresponding  dark  spots  opposite  to  them,  con> 
nected  in  many  cases  by  dark  streaks.  The  equatorial  re- 
gion then  had  a  curious  uniformity  of  appearance.  A  num> 
ber  of  little  dark  spots  also  appeared  in  the  equatorial  belts, 
frequently  connected  by  a  faint  dusky  shade  between  the 
spots  on  the  several  belts.  These  were  somewhat  delicate 
features  sometimes.  When  several  sets  of  spots  with  their 
connecting  shades  were  visible  at  once,  the  aspect  was 
rather  curious;  the  streaks  on  either  side  being,  of  course, 
curved,  and  appearing  to  radiate  from  the  pole.  The  spots 
on  these  belts  all  had  rotation  periods  approximating  to 
that  of  the  red  spot."  An  occultation  of  Jupiter  by  the 
moon  win  occur  on  the  morning  of  March  24,  visible 
throughout  the  United  States.  The  Washington  tinfes  of  be- 
ginning and  end  are  given  in  the  tables  of  occupations.  Al- 
though this  occultation  will  occur  in  sunlight  or  strong  twi- 
light at  most  points  where  it  is  visible,  it  may  \^  observed 
without  great  difficulty  with  a  telescope  of  moderate  power. 
At  Carleton  College  Observator3'  the  duration  will  be  49 
minutes  for  the  center  of  the  planet  beginning  at  5:14  and 
ending  at  6:03  a.  m.,  Central  time. 

Saturn  will  also  come  ver\'  near  being  occulted  by  the 
moon  March  13  at  midnight,  his  distance  from  the  center  of 
tlje  moon  as  seen  from  the  earth's  center  being  only  60' 
south.  In  northern  latitudes  the  parallax  of  the  moon  will 
bring  its  southern  edge  very  near  to  if  not  over  the  planet. 
Saturn  is  in  excellent  position  for  observation  so  that  splen- 
did views  of  the  rings  and  the  surface  of  the  planet  may  be 
obtained  on  Bny  clear  night.  In  the  Monthly  Notices  of  the 
Royal  Astronomical  Society  there  is  an  interesting  paper  on 
"  Retrogradation  of  the  Plane  of  Saturn's  Rings,**  in  which 
the  author  gives  a  table  of  the  times  of  disappearance  and 
reappearance  of  Saturn's  rings  for  the  four  epochs  1848-49, 
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1861-62, 1878  and  1891  and  the  recorded  observations  dar- 
ing the  first  three  epochs.  In  1891  there  will  be  but  one 
^disappearance  fronj  September  23d  15.9/i  to  November  2d 
16.9fi,  Berlin  mean  time.  The  disappearance  cannot  be  ob- 
served as  the  planet  will  be  within  a  half  hour  from  the  sun, 
but  there  may  be  some  chance  for  the  reappearance,  Nov.  2, 
larhen  the  planet  will  rise  over  two  hours  before  the  sun. 

Uranus  will  be  at  opposition  to  the  sun  April  9,  and  there- 
fore in  good  position  for  observation.  It  is  to  be  hoped 
^hat  the  observers  with  the  Lick  telescope  may  be  able  to 
<3etect  some  marking  upon  this  planet  which  will  enable 
ithem  to  determine  its  period  of  rotation,  about  which  we 
know  nothing.  Uranus  may  be  found  in  the  east,  after  8 
o'clock  p.  M.,  in  Virgo -about  3°  north  of  Spica. 

Neptune  may  still  be  seen' in  the  early  evening  about  5° 
directly  south  of  the  Pleiades. 

MERCURY. 

R.  A.  Decl.  Rises.  Transits.  Sets, 

hm  ^'hm  hm  hm 

Mar.  20 22  25.2  —11  47  5  15  a.m  JLO  31.6  a.m.  3  48  p.m. 

25 22  51.L  —  9  40  5  13  "  10  37.8    "  4  03  " 

30 23  18.9  —  7  01  5  10  "  10  46.0    "  4  22  " 

April    5 23  54.6  —  3  11  5  07  "  10  57.8    "  4  49  " 

10 0  26.4  +  0  30  5  04  "  11  09.9    "  5  15  " 

1;> 1  02.3  +  4  35  5  03  "  11  24.0    "  5  42  " 

VENUS. 

Mar.  25 2  43.7    +21  41       6  54  a.m.        2  29.9  p.m.     10  06  p.m. 

April    5 2  57.8    +23  34       6  15    "  2  00.6    "  9  46 

15....» 2  55.8    +23  38       5  34    "  1  19.3     *•  9  05 


MARS. 

Mar.  25 I  41.9    +10  28       6  43  a.m.  1  28.3  p.m.  8  14  p.m. 

April    5 2  13.0    +13  23       6  18    "  1  15.8    **  8  13 

15 2  41.3    +15  48        5  57    "  1  04.8    "  8  13 


JUPITER. 

Mar.  25 18  29.9    —22  58       1  52  a.m.  6  18.1  a.m.  10  44  a.m. 

-April    5 18  33.6    —22  56       1  08    "  5  33.8    "  9  59    " 

15 18  35.5    —22  55     12  30    "  4  56.3    "  9  22    " 

SATURN. 

Mar.  25 9  06.4    +17  50       1  34  p.m.  8  51.3  p.m.  4  09  a.m. 

April    5 9  05.2   +17  54     12  49    **  8  07.0    "  8  25    " 

15 9  05.0   +17  55     12  10    '*  7  27.4    "  2  45 


t< 


URANUS. 

Mar.  25 13  17.0   —  7  26       7  27  p.m.         1  01.3  a.m.       6  85  a.m* 

April    5 13  15.2   —  7  15       6  42    "  12  16.3    "  5  51    '* 

15 13  13.6  —  7  06       6  00    "         11  35.4  p.m.       5  11    " 

NEPTUNE. 

Miir.  25 3  53.0   +18  35       8  18  a.m         3  38.7  p.m.      10  59  p.m. 

April    5 3  54.2   +18  39       7  36    "  2  56.7    "         10  18    " 

15 8  55.5   +18  43       6  57    " 


2  18.6    "  9  40    " 
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R.  A. 

Mar.  20 0  of.S 

23 0  19.4 

30 0  37.6 

April    5 0  59.5 

10 1  17.8 

15 1  36.2 


THB  8UX. 

Dccl.  Rises. 

o    '  h     m 

0  08  6  03  A.M. 

•  2  06  5  58    " 

4  03  5  44 

6  21  5  33 

8  13  5  24 

10  02  5  15 


ti 


li 


i» 


i» 


Transits, 
h      m 
12  07.4  P.M. 
12  05.9 
12  04.4 
12  02.6 
12  01.2 
11  59.9  A.M. 


44 


(( 


*< 


it 


SeU. 
h    m 

6  12  P.M. 
6  19 
6  25 
6  32 
6  38 
644 


Occuluticms  Visible  at  Washington. 

• 

IMMERSION.                     BMBRSION. 

Star's 

Macni-      Wash, 
tude.      Mean  T. 

Angle  fm        Wash. 
N.  P't.       Mean  T. 

Angle  Tm 

Dura- 

Date. 

Name. 

N.  P't. 

tion. 

h    m 

o             h     m 

0 

h     m 

Mar.  18 

80  Virginis 

6           13  03 

157         14  07 

268 

1  04 

23 

Jupiter 
<«*Tanri 

18  34 

46         19  35 

314 

1  01 

April    4 

5             6  21 

121           7  20 

219 

0  58 

Phases  of  the  Moon.  Central  Time. 

d      h    m 

Full  Moon March  17     6  47.2  a.  m. 

Last  Quarter "      24  12  54.4  a.m. 

New  Moon "      31     6  37.4  a.m. 

First  Quarter April      8     7  4.70  a.m. 

FuU  Moon **       15     4  18.6  p.  m. 


Phenomena  of  Jupiter' 

s  Satellites. 

Central  Time. 

Central  Time. 

d 

h 

m 

d 

h     m 

March  18 

2 

44  A.  m. 

III  Ec.  Re. 

April  2 

3  03  a. 

3 

16 

I  Tr.  In. 

3 

1   31     " 

4 

15 

I  Sh.  Eg. 
Ill  Oc.  Dis. 

2  29     " 

5 

16 

3  37     " 

5 

32 

I  Tr.  Eg. 

3  43     •' 

19 

2 

46 

I  Oc.  Re. 

3  47     " 

25 

3 

53 

I  Sh.  In. 

5 

3  03     " 

3 

54 

II  Ec.  Dis. 

9 

4  56     " 

4 

14 

Ill  Ec.  Dis. 

10 

2  07     " 

5 

00 

1  Tr.  In. 

3  23     ** 

26 

4 

40 

I  Oc.  Re. 

3  42     " 

27 

1 

54 

I  Tr.  Eg. 

4  23     •* 

3 

39 

II  Tr.  Eg. 

11 

2  54     " 

29 

1 

53 

Ill  Tr.  Eg. 

12 

1  53     " 
3  20     ** 

I  Ec.  Dis. 

1  Tr.  In. 

I  Sh.  Eg. 
II  Tr.  In. 
II  Sh.  Eg. 

I  Tr.  Eg. 
Ill  Tr.  In. 

I  Ec.  Dis. 

I  Sh.  In. 

I  Tr.  In. 
II  Sh.  In. 

I  Sh.  Eg. 

I  Oc.  Re. 

Ill  Sh.  In. 

II  Oc.  Re. 

Approximate  Times  of  Transit  of  the  Great  Red  Spot  Across  the  Middle  of 


Central  Time, 
d      h     m 

Maxxrh  16     4    18  a. 

17  12    09 

18  5    56 


t* 


*t 


19  1  48 

20  7  35 

21  3  26 

22  9  13 

23  5  05 

24  12  56 

25  6  43 

26  2  34 


ft 


it 


(( 


<« 


i( 


t« 


it 


ti 


Jupiter's  Disk. 
Central  Time. 

March  27     8  21  A.  m.        April    7 

28  4  13     '*  8 

29  12  04     "  9 

30  5  51     **  10 

31  1  42     "  11 
April       1     7  30  a.m.  12 

2  3  21     •*  13 

3  9  08     "  14 

4  4  59     **  15 

5  12  60     "  • 

6  6  38     ** 


Central  Time, 
h      d     m 

2    29  A.M. 

8    16 


4 
9 
5 
1 
7 
3 


07 
54 
45 
37 
24 
15 


9    02 
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Elongations  and  Conjunctions  of  Saturn's  Satellites. 

{Central  Time;  B  =  Eastern  elong^ation,  W  =  Western  elongation,  8 a  Superior 

co^Jnnction,  I  =  Inferior  coi^nnction.] 

JAPBTUS. 

March  27,  E       April  16, 1 

TITAN, 
d       h  d       h  d        h 

March    17,     9    E  March    29,     7    S  April       10,     6    W 

21,     8    1  April         2,     6    E  14,     6    S 

25,     7    W  6,     6    I 

RHEA. 

March  16,    1.9  a.  m.  E    March  29,    2.8  p.  m.  E    April     12,    4.0  A.  M.  E 
20,    2.2  P.  M.   E    April        3,    3.2  A.  M.  E  16,    4.4  p.  m.  E 

25,    2.5  A.  M.  E  7,    3.6  p.  M.  E 

DIONE. 

March  17,  9.4  a.  m.  E  March  28,    8.0  a.  m.  E  April       8,    6.6  A,  M.IE 

20,  3.4  a.  M.E                 31,    1.6  a.  M.E  11,  12.3  A.  M.^ 

22,  8.7  p.  M.  E  April        2,    7.3  P.  M.   E  13,    6.0  p.  M.  E 

25,  2.3  P.  M.  E                   5,  12.9  P.  M.  E 

TETHYS. 

March  15,    8.9  P.  M.  E  March  27,    4.7  a.  m.  E  April       7, 12.5  P.  u.  E 

17,    6.2  p.  M.  E  29,    2.0  a.  m.  E  9,    9.8  A.  if.   E 

19,    3.5  p.m.  E  30,11.3  p.m.  E  11,    7.1a.m.  E 

21,12.8  p.m.  E  April       1,    8.6  p.m.  E  13,    4.4  a.m.  E 

23, 10.1  A.  m.  E  3,    5.9  P.  m.  E  14,    1.8  a.  m.   E 

25,    7.4  A.  M.  E  5,    3.2  p.  m.   E 


Ephemeris  of  Comet  e  1888  (Barnard  Sept,  2).  From  the 
second  series  of  elements  of  Berberich  as  given  in  A,  N.  2862, 
I  have  computed  the  following  ephemeris  for  March : 


Gr.  M.  T. 

R.  A. 
h  m   8 
23  37  54 

Dec. 

/ 

Log.  r 

Log.  J 

ir.  1.5 

—  2 

53.1 

0.2675 

0.4486 

3.5 

37  39 

—  2 

43.3 

0.2687 

0.4510 

5.5 

37  25 

—  2 

33.5 

0.2700 

0.4532 

7.5 

37  12 

—  2 

24.0 

0.2714 

0.4552 

9.5 

37   1 

—  2 

14.8 

0.2729 

0.4570 

11.5 

36  48 

—  2 

5.6 

0.2744 

0.4585 

13.5 

36  36 

—  1 

55.9 

0.2760 

0.4598 

15.5 

36  24 

•i^l 

46.4 

0.2776 

0.4608 

17.5 

36  12 

•i^l 

37.0 

0.2794 

0.4617 

19.5 

36  0 

—  1 

27.8 

0.2811 

0.4623 

21.5 

35  48 

—  1 

18.5 

0.2830 

0.4627 

23.5 

35  35 

—  1 

9.4 

.  0.2849 

0.4628 

25.5 

35  21 

—  1 

0.3 

0.2868 

0.4628 

27.5 

35  6 

—  0 

51.2 

0.2888 

0.4625 

29.5 

34  50 

—  0 

42.2 

0.2909 

0.4620 

31.5 

34  33 

—  0 

33.3 

0.2930 

0.4613 

The  comet  will  be  unfavorable  for  observation  during 
most  of  the  month,  being  so  near  the  sun,  but  may  possibly 
be  seen  near  the  beginning  and  end.  On  March  1  it  will  set 
about  an  hour  later  than  the  sun,  being  still  an  evening 
comet,  but  on  March  31,  it  will  rise  about  an  hour  earlier, 
having  then  become  a  morning  comet. 
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It  is  worthy  of  remark  that  its  apparent  motion  for  the 
whole  month  is  only  between  three  and  four  minutes  of  time 
in  R.A.,  and  a  little  over  two  degrees  in  Declination,  while  its 
change  in  distance  from  the  earth  is  only  eight  million  miles 
and  from  the  Sun,  ten  million  miles. 

Its  distance  from  the  earth  increases,  but  with  greater 
slowness,  until  March  23,  when  it  begins  to  diminish. 

O.  C.  WENDELL. 

Harvard  College  Observatory,  Feb.  16, 1889. 


'meris  of  TempeFs 

Comet  1873  (IL) 

R 

.A. 

Dec. 

Log.  J 

h. 

m. 

o 

f 

(9  Feb. 

2 

.20 

49 

—18 

28.5 

0.3667 

6 

21 

4 

17 

53.5 

0.3667 

10 

21 

18 

17 

14.7 

0.3669 

14 

21 

32 

16 

32.4 

0.3678 

18 

21 

46 

15 

46.9 

0.3680 

22 

22 

0 

14 

58.6 

0.3689 

26 

22 

14 

14 

7.7 

0.3700 

Mar. 

2 

22 

27 

18 

14.7 

0.3712 

6 

22 

41 

12 

19.9 

0.8727 

10 

22 

54 

11 

23.7 

0.8743 

14 

28 

7 

10 

26.4 

0.3760 

18 

28 

19 

9 

28.8 

0.3779 

22 

28 

32 

8 

29.8 

0.8799 

26 

23 

44 

7 

31.1 

0.8819 

do 

28 

56 

6 

82.6 

0.8841 

April 

3 

0 

7 

5 

84.5 

0.8868 

7 

0 

19 

4 

37.0 

0..8885 

11 

0 

80 

3 

40.4 

0.8907 

15 

0 

41 

2 

44.8 

0.3929 

19 

0 

52 

1 

50.5 

0.8951 

28 

1 

8 

0 

57.0 

0.3972 

27 

1 

13 

—0 

6.1 

0.8998 

Mr.  George  A.  Hill  of  Washington,  D.  C,  kindly  furnished 
the  above  ephemeris  of  this  expected  comet.  He  says  in  an 
accompanying  note,  **  After  looking  over  the  ephemeris,  I 
am  lead  to  believe  that  the  comet  will  not  be  found  until 
some  time  in  March  or  April,  as  it  is  moving  almost  in  the 
same  right  ascension  as  the  sun.  Yet  the  ephemeris  will  be 
of  value  to  comet-seekers  who  do  not  have  the  use  of  foreign 
publications  and  receive  the  Messenger."  Speaking  of  the 
late  eclipse  Mr.  Hill  says.  **  I  caught  the  first  contact  at  4/i 
2Sm  32.3s  Washington  mean  time,  using  my  3-inch  re- 
fractor; the  snn's  limb  was  very  unsteady  and  I  may  have 
been  one  or  two  seconds  slow." 
.    We  also  notice  with  interest  that  Mr.  Hill  and  Mr.  Tuttle 
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have  been  searching  carefully  for  the  Brooks'  comet  discov- 
ered Jan.  15.  The  observing  was  not  favorable  in  Januao- 
until  the  last  day  but  one.  On  the  morning  of  that  day  Mr. 
Hill  made  a  very  thorough  search,  by  the  aid  of  his  6Vi-incfa 
reflector,  covering  a  space  of  25^  in  declination,  near  its 
supposed  place,  but  was  unsuccessful  in  finding  it.  He 
thinks  the  comet  can  not  be  in  the  region  of  his  search,  or  is 
too  faint  for  his  telescope. 


Minor  Planets.  A  minor  planet  of  the  13th  magnitude, 
or  fainter  was  discovered  at  Nice  Jan.  28.5337,  in  R.  A.  9/( 
40m  11.3s,  Decl.  +11°46'33";  daily  motion,  minus  54s; 
north  10'.  _____^_^ 

Another  new  minor  planet  of  the  12th  magnitude  was  dis- 
covered at  Nice  Feb.  8.3942,  in  R.  A.  9h  40m  52.7s;  Decl. 
+  10°19"23";  daily  motion  in  R.  A.  doubtful;  in  Dec!.  2m 
north. 


EDITORIAL  NOTES. 


Large  space  is  given  in  this  number  to  reports  of  the  late 
total  solar  eclipse  by  various  parties.  Mr.  Burcklialter's  ac- 
count is  an  instructive  one,  and  the  prints  of  the  negatives 
taken  during  totality  which  we  have  seen,  were  very  good. 
The  illustrations  accompanying  his  article  are  inferior  to  the 
prints,  and  the  prints  must  be  inferior  to  the  original  nega- 
tives, for  any  one  acquainted  with  the  process  of  making 
prints  knows  that  the  fine  details  of  the  negative  cannot  be 
perfectly  transferred.  Our  engraver  ought  to  have  done 
better  work  from  the  copy,  but  it  is  our  misfortune  that 
such  work  must  be  done  without  personal  oversight. 


The  six  cuts  given  on  one  page  in  Mr.  Burckhalter's  report 
are  to  show  what  good,  small  cameras  will  do.  All  of  those 
prints  with  small  image  are  good,  some  excellent,  and  this 
ought  to  encourage  the  amateurs  to  pursue  this  branch  of 
study  perseveringly. 

The  report  of  Carletoa  College  party  is  defered  till  next 
month  because  of  the  failure  of  the  engraver  to  finish  the 
cuts  in  time. 
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C.  W.  Irish,  Surveyor  General  of  Nevada  has  furnished  the 
Messenger  an  important  report  of  his  observations  of  the 
eclipse,  accompanying  the  same  with  drawings  and  photo- 
graphs taken  during  the  eclipse.  This  report  will  also  ap- 
pear next  month. 

It  will  be  a  source  of  gratification  to  the  friends  of  this 
journal  to  know  that  before  the  second  month  of  1889  had 
ended,  the  number  of  subscribers  to  the  Messenger  was  for- 
ty per  cent  greater  than  on  any  previous  year  in  its  history.. 

Spealcingof  the  brightness  of  the  planet  Venus,  lastmonth,. 
we  inadvertently  ventured  the  opinion  that  a  person  must 
have  pretty  good  vision  to  see  that  gem  of  the  sky  with  the 
naked  eye  at  one  o'clock  in  the  afternoon.  We  were  sudden- 
ly and  rightly  called  to  account  for  such  a  statement  bj^  ob- 
servers in  Canada  and  in  the  United  States.  The  truth  is  we 
had  not  noticed  that  Venus  passed  the  perihelion  of  her  orbit 
and  greatest  eastern  elongation  at  nearly  the  same  time. 
Of  course  the  planet  ought  to  be  seen,  then,  near  mid-day,  if 
ever,  north  declination  being  favorable. 

Satellites  of  Uranus,  In  a  recent  letter  Mr.  S.  S.  Chevers 
of  Bridgeport,  N.  J.,  says:  **While  in  Utah,  at  an  elevation  of 
5,500  feet,  I  had  some  superb  observations  with  my  3-inch 
telescope  bought  of  Mr.  Knipe,  of  Jas.  W.  Queen  &  Co.^ 
Philadelphia  recently.  Here  in  New  Jersey  I  have  caught  a 
glimpse  of  the  satellites  of  Uranus  more  than  once.  The 
glass  is  of  French  make  and  has  proved  most  excellent  in 
definition  and  power. 

The  Seven  Eclipse  Question,  I  am  greatly  obliged  to  Mr. 
Prentiss  for  his  reply  to  my  question  concerning  **Seven 
Eclipses  in  one  year,"  and  I  might  concede  that  the  question 
is  fairly  answered.  But  he  obtains  seven  eclipses  in  1823  by 
a  mere  "scratch,"  since  it  depends  on  the  longitude  of  a  place 
whether  his  last  eclipse  of  that  year  occurred  in  1823  or  1824. 
And  I  would  call  attention  to  the  remarkable  coincidence 
that  his  seven  eclipses  in  1805  depend  on  a  similar  chance  at 
the  beginning  of  the  year.  American  almanacs  had  only  six 
eclipses  in  1805,  but  announced  a  solar  eclipse  on  December 
31st,  1804,  at  about  8  p.  m.  at  Boston  which  to  European 
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countries  would  bring  the  eclipse  on  January  1st,  1805, 
giving  them  the  seven  eclipses  in  that  year;  and  I  find,  on  re- 
ferring to  my  catalogue  of  eclipses  that  I  had  already  noted 
this  curious  circumstance. 

1  should  hardly  say  that  w«  have  found  a  fair  answer  to 
the  question;  it  is  a  very  strange  thing  that  the  only  two  in- 
stances in  this  century  of  "seven  eclipses  in  one  year  "  should 
both  depend  on  so  close  an  accident  as  above  noted. 

Evidently  one  will  have  to  go  back  a  good  ways  further 
than  1805  to  find  seven  eclipses  undoubtedly  in  any  one 
year!  Query: — How  far  back?  And  who  can  verify  Mr. 
Prentiss'  suggestion  that  the  next  "Seven  Eclipse  vear"  is 
1917? 

This  is  not  a  matter  of  great  importance,  but  I  meutioned 
it  as  of  considerable  interest,  especially  to  the  amateur  and 
the  untechnical  reader. f.  h.  burgess. 

The  Next  Total  Solar  Eclipse.  Of  a  similar  character  is 
the  question  always  asked,  when  a  total  eclipse  passes,  when 
will  the  next  one  take  place  ?  Some  one  has  lately  asked  the 
Scientific  American  when  there  will  be  a  total  eclipse  of  the 
sun  visible  in  thevicinity  of  New  York.  Probably  the  eclipse 
of  May  28.  1900  fills  the  conditions  fairly  well.  This  eclipse 
begins  in  the  Pacific  Ocean,  covers  Mexico,  enters  the  United 
States  in  Southern  Texas,  is  total  at  New  Orleans,  the  path 
of  totality  passes  over  Alabama.  Georgia,  the  Carolinas, 
leaving  the  land  near  Albemarle  Sound  in  longitude  7G'^4' 
west  from  Greenwich,  latitude  36''45'  north.  The  duration 
of  totality  will  be  1  minute  and  39  seconds.  Its  course 
will  continue  some  distance  northeasterly  over  the  ocean, 
then  turn  southeasterly  entering  Portugal  near  Ovar,  cross, 
ing  Spain  and  the  Mediterranean  Sea  and  leave  the  earth  in 
Africa.  The  track  of  totality  is  on  the  sea  when  nearest 
New  York,  being  200  or  300  miles  distant.  At  New  Orleans 
totality  occurs  at  7  o'clock  a.  m.  and  lasts  39  seconds. 

I  suspect  it  will  be  many  years  before  New  York  City  will 
have  a  larger  eclipse  than  this.  ■  f.  h.  erRGG! 

St.  Louis,  Feb.  19th.  1889. 

Methods  of  Tracing  Constellations.    An  important  iUi 
trated  article,  titled,  Methods  of  Tracing  Constellations,! 
in  hand  from  the  pen  of  Professor  William  A,  Rogers  of  < 
by  University,  Waterville,  Me.    It  will  appear  next  montl 
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Astronomical  Bibliography.  William  C.  Winlock  of  the 
United  States  Naval  Observatory  kindly  calls  our  attention 
to  the  fact  that  some  work  in  the  line  of  a  current  account 
of  astronomical  bibliography  might  prove  an  interesting 
and  useful  feature  for  the  Mbssbngbr.  Of  course  we  say, 
yes,  to  that  most  heartily,  and  accordingly  have  urgently 
solicited  Mr.  Winlock  to  furnish  the  matter,  knowing  as  we 
do  that  he  has  given  careful  attention  to  this  kind  of  work 
for  years  past,  and  that  few  other  American  astronomers,  if 
any,  are  ready  to  do  it  so  well.  This  new  feature  will  begin 
in  the  May  or  June  number,  or  as  soon  as  Mr.  Winlock  is 
through  with  the  Smithsonian  Review  of  Astronomy  for 
1887  and  1888  on  which  he  is  now  engaged. 


Error  in  Klein's  New  Star  Atlas,  Nebula  4415.  Our  at- 
tention is  called  by  a  friend  to  an  error  in  Dr.  Klein's  new 
Star  Atlas,  on  page  58,  Nebula  in  Draco,  4415;  Dr.  Dreyer's 
C.  G.  6643.  In  Klein's  Atlas  it  is  stated  "  According  to  Tut- 
tle  it  is  variable  in  brilliancy.^'  Also  in  the  last  part  of  the 
note,  it  is  said  that  ''Tuttle's  nebula  was  so  brilliant  and 
remarkable  in  the  finder,  that  he  was  convinced  that  it  had 
increased  in  brilliance  since  /.  Herschel  and  his  father  ob- 
served it.''  The  italic  portions  of  the  two  quotations  are 
erroneous.  By  referring  to  Dr.  Dreyer's  catalogue,  it  will  be 
seen,  that  the  first  sentence  ought  to  read:  **6643,  Dis- 
covered by  Tuttle  Sept.  8,  1863,  and  it  would  appear  to  be 
variable  for  M.d'Arrest  says  (in  a  letter  May  8,  1863),"  etc. 
The  secbnd  error  cited  above  is  a  wrong  translation  of 
d'Arrest's  letter  to  John  Herschel  which  is  given  in  French, 
in  Dreyer's  catalogue.  It  should  read:  **Tuttle's  nebula 
was  so  brilliant  and  remarkable  in  the  finder  that  he  was 
convinced  that  it  had  increased  in  brilliance  since  the  time  of 
Messior,  and  jrour  father's  and  your  own  observations." 


Partial  Eclipse  of  the  Moon  Jan.  16,  1889.  This  ellipse 
was  observed  with  the  12-inch  equatorial.  The  first  con- 
tact with  the  shadow  was  recorded  as  also  were  the  bi- 
sections of  prominent  craters  by  the  edge  of  the  shadow. 
The  recorded  times  are  Standard  Pacific  Time  and  are  eight 
hours  slow  of  Greenwich.  7A  58.7ni  the  limb  begins 
rather  suddenly  to  darken  as  if  entering  a  dense  shadow ; 
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8ft  59.7tti  the  liml)  is  decidedly  in  the  shadow;  8A  10m, 
pnle  red  at  the  obscured  limb;  Sh  lom.  the  lirab  and  the 
disc  for  about  2'  of  a  pale  reddish  jellow  color.  8/i  21/a  I2s, 
bisection  of  Tycho  by  shadow.  At  this  time  the  yellowish 
color  of  the  immersed  part  of  the  disc  is  decidedly  unsym- 
tnetrical  with  reference  to  the  edge  of  shadow — the  color- 
ing extending  more  to  the  s,  p.  Hb  29m,  the  light  yellow 
coloring  extends  as  far  as  Tycho.  8A  31rn  17s,  Kepler  bi- 
sected by  the  shadow.  8A  43m  32s,  Copernicus  bisected  by 
the  shadow.  8A  4Sm  27s  Aristarchus  bisected.  9ft  5m. 
about  one  half  of  the  obscured  portion  of  a  dullish  red; 
from  this  to  the  edge  of  shadow  it  is  a  beautiful  steel  blue. 
Oh  21m  27s,  Aristarchus  bisected,  shadow  leaving.  9ft  32m, 
the  red  color  is  unsymmetrical  with  reference  to  the  edge  of 
shadow ;  it  is  now  deeper  red  to  the  s.  f  9/i  56m  42s,  Cop- 
ernicus  bisected  by  the  receding  shadow.  At  this  time  the 
Mare  Crisium  was  also  bisected  by  the  shadow.  The  ob- 
scured portion  of  the  moon  was  conspicuous  to  the  naked 
eye  throughout  nearly  all  the  eclipse,  and  appeared  of  a 
lightish  red  color.  Nothing  specially  noteworthy  was  seen. 
The  color  being  probably  about  as  decided  as  at  the  same 
stages  in  the  eclipse  of  July  22.  1888,  The  edge  of  the  shad- 
ow  was  moderately  well  defined.  The  prominent  objects 
were  easily  seen  within  the  shadow.  E.  E.  b.\r\.\R[>. 

Lick  Observatory,  Mt.  Hamilton.  Cal. 

The  Peters-Borst  Star  Cataiogae.  On  the  last  day  of  Jan- 
uary, the  case  of  Dr.  C.H.  F.  Peters,  Dire^torof  the  LittTifield 
Observatory  of  Hamilton  College,  Clinton,  N.  Y.,  against 
Mr.  Charles  A,  Borst,  Fellow  at  Johns  Hopkins  University, 
to  obtain  possession  of  the  manuscript  containing  the  places 
of  over  30.000  stars,  arranged  for  a  star  catalogue,  came  up 
for  hearing  before  Judge  Williams,  in  the  Supreme  Court  at 
rtica,  New  York,  This  manuscriptwas  made  by  Mr.  Bbrst, 
sid^l  by  his  sisters,  during  his  connection  with  Litch6eld 
Observatory,  apparently  in  the  capacity  of  assistant  to  Dr. 
Peters,  beginning  it  in  the  year  1884,  three  years  after  he  en- 
tered the  Observatory  in  this  capacity.  As  reported  by  a 
correspondent  to  the  New  York  Evening  Post,  the  manu- 
script in  dispute  contains  the  position  of  35,608  stars  re- 
duced to  the  epochs  of  18,50  or  1875,  and  arranged  in  the 
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order  of  their  right  ascensions.  These  positions  have  been 
gathered  from  various  sources  of  information  covering  a 
period  of  the  last  fifty  years,  and  every  place  chosen  has  been 
verified.  The  amonnt  of  work  involved  in  such  an  under- 
taking is  simply  enormous,  and  no^one  can  appreciate  it  who 
has  not  been  similarly  employed. 

A  general  idea  of  it  may  be  conveyed  by  a  brief  numerical 
statement  taken  from  the  same  source  as  cited  above.  The 
manuscript  of  the  catalogue  numbers  3,572  pages,  900  of 
which  are  nearly  double  folio  size,  and  bear  on  their  face  up- 
wards of  7,000,000  figures.  More  than  half  of  the  computa- 
tions, it  is  claimed,  was  made  by  Miss  Emma  Borst,  and 
that  all  the  annual  precessions  were  computed  by  her. 
Nearly  1,000  pages  of  the  catalogue  is  in  the  hand  writing  of 
Miss  Lucy  Borst. 

Dr.  Peters  claims  that  Mr.  Borst  did  the  work  of  compila- 
tion and  computation  while  he  was  working  at  the  Litch- 
field Observatory,  on  a  salary  paid  by  himself,  and  that 
therefore  the  property  belongs  to  him. 

On  the  other  hand  Mr.  Borst  claims,  that  he  did  the  work 
on  the  catalogue  outside  of  his  labors  at  the  Observatory, 
and  that  most  of  the  computations  were  made  by  persons 
at  his  request,  without  Dr.  Peters  having  anything  to  do 
with  them. 

The  importance  of  this  case  in  the  minds  of  the  parties  is 
seen  in  the  reputation  of  the  witnesses  called,  two  of  which 
were  Professor  L.  Boss,  Director  of  Dudlev  Observatorv, 
Albany,  N.  Y.,  and  Professor  Asaph  Hall,U.S.  Naval  Observ- 
atory, Washington,  D.  C 

Their  evidence  was  secured  to  aid  in  determining  the  point 
of  ownership  and  the  cost  of  such  work.  In  the  testimony 
of  those  distinguished  astronomers  the  cost  of  this  work 
was  claimed  to  be  $15,000,  certainly  not  less  than  $12,000- 
The  cost  of  publication  of  it  and  the  limited  sale  that  such  a 
catalogue  would  have,  in  the  general  market,  would  make 
the  work  one  undertaken  chief!  v  in  the  interest  of  science  and 
for  the  reputation  of  those  doing  it.  We  have  not,  at  this 
writing,  learned  whether  thecasehas  yet  been  decided  or  not. 


A  Large  Meteor  is  said  to  have  fallen  in  Orange  count}'. 
New  York.    The  report  claims  that  it  was  very  brilliant, 
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yellow  tinged  with  green,  and  that  "bursting  showered 
gra^-el  stones  over  an  acre  of  ground !  We  would  like  to 
buy  that  acre  of  ground. 

Rowland's  Photographic  Maps  of  the  Solar  Spectrum.  A 
new  and  improved  edition  of  Rowland's  Photographic 
Maps  of  the  solar  spectrum  from  the  extreme  ultra  violet 
down  to,  and  including  B,  to  wave  length  6950  is  now 
ready.  This  new  series  of  maps  was  made  from  new  grat- 
ings ruled  by  a  new  engine.  It  is  claimed  that  the  new 
gratings  give  definition  much  superior  to  any  before  made 
at  the  laboratory  of  Johns  Hopkins  University,  although 
some  of  this  better  definition  is  lost  in  the  photographic 
process  of  enlargement,  which  difficulty  the  photographic 
art  does  not  yet  know  how  toovercome.  The  original  nega- 
tives show  E.  and  even  finer  lines  like  that  at  wave  lengths 
527G.1  and  591-4.3,  plainly  double,  but  there  is  little  hope  of 
showing  this  in  the  map.  These  maps,  in  general,  are  the 
same  in  form  and  mounting  as  the  old  ones,  but  are  to  be 
sold  at  a  somewhat  higher  price,  on  account  of  the  neces- 
sary increase  of  cost  in  making  them. 

New  Astronomer  Royal  for  Scotland.  The  January 
Journal  of  the  Liverpool  Astronomical  Society  says:  "The 
Queen  has  been  pleased,  on  the  recommendation  of  the  Secre- 
tary of  Scotland,  to  appoint  Mr.  Ralph  Copeland.  Ph.  Doc., 
P.  R.  A.S.  to  be  Astronomer  Royal  of  Scotland,  and  Profess- 
or of  Practical  -\stronomy  in  the  University  of  Edinburgh, 
in  the  room  of  Professor  Piazzi  Smyth,  resigned."  For  the 
last  fifteen  years  Dr.  Copeland  has  been  at  the  Dun  Echt  Ob- 
servatory, and  his  work  during  this  time  has  been  well 
known  and  esteemed  of  high  order.  Dr.  Copeland  is  now 
between  fift^'  and  sixtj'  years  of  age. 


Annuaire  de  F  Obsevatoire  Royal  of  Brussels  for  1889  is 
at  hand  by  the  kindness  of  Director  F.  FoHe.  Iri  general  ap- 
pearance it  is  a  companion  of  previous  volumes,  but  also 
presents  interesting  records  peculiar  to  the  year  1887.  The 
illustrations  of  sun  spots  observed  in  June,  July  and  August 
of  that  year  are  skillfully  represented.  Other  solar  studies 
arc  also  interesting. 
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Editor  of  Knowledge.  We  notice  with  pleasure  that  A. 
Cowpcr  Ranyard,  M.  A.,  F.  R.  A.  S.,  takes  the  position  of 
Editor  of  Knowledge  since  Mr.  Proctor's  decease.  Its  sus- 
tained vigor  and  excellent  contents  do  its  new  management 
honor,  and  will  doubtless  bring  to  it  deservingly  increased 


Annals  of  the  Cape  Observatory.  Part  2,  Vol.  II,  of  the 
Annals  of  the  Cape  Observatory  contains  a  thorough  study 
of  the  variations  of  the  instrumental  adjustments  of  the 
Cape  Transit  Circle  by  W.  H.  Finlay,  M.  A.,  chief  assistant. 
There  is  so  much  of  value  in  this  paper  that  another  occa- 
sion must  be  taken  to  speak  of  the  salient  points. 


Haynaldo  Observatorium.  A  report  for  the  year  1888  is 
on  our  table.  The  greater  part  of  the  report  is  given  to 
records  of  the  chromosphere  of  the  sun,  and  observations 
of  the  protuberances  for  the  year  1886. 


Foreign  periodicals  mention  the  interesting  fact  that  Mr. 
Isaac  Roberts  of  Dunsink  Observatory  has  presented  his  re- 
flecting telescope  of  fifteen  inches  aperture  to  that  Observa- 
tory. This  instrument  is  to  be  used  in  the  study  of  stellar 
parallax  by  the  photographic  method. 


The  Roberts'  Photograph  of  the  Great  Nebula  of  An- 
dromeda. Mr  Isaac  Roberts,  of  Dunsink  Observatory, 
photographed  the  great  Nebula  of  Andromeda,  Dec.  29, 
1888,  with  an  exposure  of  four  hours.  As  he  himself  truly 
says:  "It  is  now  seen  for  the  first  time  in  an  intelligible 
form."  The  best  drawings  of  this  object  previously  known 
to  astronomy  were  by  Bond  and  Trouvelot.  These  observ- 
ers pictured  it  as  a  long,  irregular  mass,  with  two  nearly 
straight  rifts  and  a  prominent  nucleus. 

Roberts*  fine  photograph  brings  out  clearly  its  grand  oval 
form  with  condensed  center  and  other  nuclei  and  the  two 
dark  spaces  gently  curved  and  concentrically  placed,  giving 
to  the  nebula  a  beauty  and  symmetry  of  form  undreamed  of 
before.  The  Messenger  congratulates  Mr.  Roberts  on  this 
nobk  victory  by  the  photographic  art. 
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Mr.  Crolfs  Theory  ofClima  te.  After  the  appearance  of  my 
note  in  the  Messenger  on  this  subject.  Mr.  C.  in  answer  to 
the  inquiry  why  he  had  not  replied  to  \Voeikofl''s  objections, 
wrote  that  the  gentleman  had  evidently  not  "grasped  the 
question  at  all."  Similarly,  one  who  thinks  that  time  is  not 
an  element  of  the  problem,  has  yet  to  advance  a  long  way 
before  coming  up  to  WoeikofTs  position,  at  least  such  is  ray 
opinion.  R.  w.  mcfarl\nd. 

Oxford,  O.,  Feb.  1889. 

BOOK  NOTICES. 


Star  Alias  Containing  Maps  of  All  the  Stars  from  1  to  6.S  MaKniEnrle  be- 
tween the  Nortb  Pole  and  34°  South  Declination,  and  of  all  Nebulv  and 
Star  Clusters  in  the  Snme  Region  which  are  Visible  in  Telescopes   wiil< 
Moderate  Powers.    Bv  Dr.  Herman  J.  Klein.    Translated  and  adautctl 
for  English  readers  by  Edmund  McClnre,  M.  A.,  M,  R.  I.  A.  With  eigh- 
teen ma|i3.    New  York;  Messrs.  E.  &  J.  B,  Young  &  Co.,  Publishers. 
1888. 
This  new  star  atlas  is  a  pleasant  surprise  to  us.    We  did 
not  before  know  that  Heis  had  any  such  rival  for  real  merit 
in  existence.    We  desire  to  call  special  attention  to  a  few 
points  which  seem  meritorious  after  a  somewhat  careful  ex- 
amination.    The  printed  page  is  10  inches  by  5^i  inches, 
with  a  good  margin,  the  covers  being  9  by  11^  inches.     The 
table  of  contents  fills  six  of  these  large  pages.     In  it  the  con- 
stellations are  arranged  in  alphabetical  order,  the  name  of 
each  being  printed  in  a  heavy-faced  letter,  and  after  it  all  the 
prominent  objects  of  the  constellation  with  reference  to  the 
page  in  the  subsequent  part  of  the  atlas  where  a  detailed 
description  of  the  object  will  be  found.     As  an  illustration, 
under  the  constellation  Lyrn.   «  Lyrte  is    the  first    object 
named,  with  reference  to  page  59,  where  we  read:  "This 
splendid  star,  1  mag.,  has  near  it  several  faint  stars,  but 
their  connection  with  it  is  merely  optical.     One  of  tbetn 
which  was  used  by  Stnive  and  Brijnnow  as  a  comparison 
star  for  cataloguing  the  parallax  of  Vega,  is  of  9.5  mag. 
d  =  48",  p  =  156°.  another  of  9  mag.,  d  =  150",  p  =  40". 
Winnecke  and   Bumham  have  also  measured   a  very  faint 
star  (13  mag.),  d  =  52".   p  =  292°."    This  illustration  is 
about  the  average  of  others  in  length,  and,  as  to  qaality, 
speaks  plainly  for  itself. 
After  the   index    follows   the  introduction,  covering  ten 
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pages,  in  which  are  given,  first,  tables  for  converting  side- 
real time  into  degrees  and  vice  versa ;  a  table  showing  the 
sidereal  time  of  mean  noon  for  every  day  in  the  year,  and 
then  follows  brief  articles  on  the  constellations,  magnitudes 
of  the  stars,  number  of  the  fixed  stars,  double  stars,  star 
clusters,  nebulse,  explanation  of  the  maps,  and  general  de- 
scription of  the  catalogue  of  interesting  celestial  objects 
that  follows  and  fills  61  pages. 

This  catalogue  is  one  of  the  excellent  features  of  the  atlas. 
On  the  left  hand  side  of  each  page  are  two  vertical  columns, 
each  about  one  inch  in  width,  which  give  the  right  ascension 
and  declination  of  every  object  on  the  page  for  the  epoch  of 
1880.  The  entire  catalogue  is  arranged  in  the  order  of  the 
right  ascensions  of  the  objects  it  contains,  each  page  giving 
on  the  average  about  ten  objects,  or  more  than  six  hundred 
in  all.  The  references  in  this  catalogue  come  down  as  late  as 
August  of  last  year,  as  shown  by  notes  relating  to  Professor 
A.  Hall's  paper  entitled.  The  Extension  of  the  Law  of  Gravi- 
tation to  Stellar  Svstems,  and  the  theoretical  difliculties 
arising  therefi'om  in  the  case  of  stars  likeGroombridge  1830, 
and  also  in  the  table  of  star  distances  given  in  light-years, 
so  called. 

But  the  most  important  feature  of  the  atlas  is,  of  course, 
its  star  ma|>s.  These  are  nearly  the  same  in  size  as  those  of 
Heis.  Klein's  maps  are  about  12Vi  inches  by  9^  inches 
while  those  of  Heis  are  about  13  inches  by  8V^,  the  former 
being  a  trifle  the  larger.  Heis'  circum-polar  map  placets  the 
North  Pole  10°  fi-om  the  center  of  the  map  and  0°  of  right 
ascension  at  the  upper  left  hand  corner,  and  shows  40°  of 
]>olar  distance  in  the  direction  of  18 A  right  ascension, 
and  20°  in  the  direction  of  6A.  Klein  puts  the  pol^  in  the 
center  of  his  map  and  gives  35°  of  north  polar  distance 
on  every  hour  circle,  has  OA  of  right  ascension  at  the  bot- 
tom of  the  map,  and  draws  parallels  to  the  equator  at 
every  5°  of  declination.  In  the  eleven  maps  that  follow, 
Heis  projects  both  meridians  and  parallels  as  arcs  of 
circles  and  shows  the  celestial  sphere  to  30°  south  declina- 
tion. Klein  proceeds  differently.  From  the  second  to  the 
fifth  map  inclusive,  he  draws  the  meridians  as  straight  lines, 
and  the  parallels  as  arcs  or  circles,  showing  5A  of  right  as- 
cension from  center  to  center,  except  in  the  fifth  map,  which 
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should  give  only  46,  The  last  six  maps  present  the  equatori- 
al regions  of  the  sphere  to  — 32°  and  +  26°  in  declination. 
The  middle  of  the  first  map  is  2A  in  right  ascension,  the  sec- 
ond fi/i,  the  third  10ft,  etc.  The  projections  of  hour  circles 
and  parallels  in  these  maps  are  both  in  straight  lines,  which 
is  often  spoken  of  as  the  cylindrical  method.  Though  it 
would  be  interesting  to  consider  the  relative  merits  of  the 
different  methods  of  making  maps  chosen  by  these  two 
authors,  yet  it  is  not  necessary  here,  since  the  scale  of  each 
is  small,  and  their  diffeiences  of  error  a  quantity  of  still 
lower  order. 

In  Heis'  maps  the  Milky  Way  is  beautifiilly  figured;  in 
Klein  it  is  omitted  altogether.  Heis  gives  the  old  constella- 
tion figures,  the  outlines,  star  designations,  the  names  of 
the  constellations  in  red ;  Klein  uses  the  same  color,  omits 
the  pictures  of  animals  and  things,  gives  the  outlines  of 
the  constellations,  designates  many  more  objects  with  cata- 
logue numbers,  so  that  the  map,  at  first  sight  looks  n  little 
crowded;  but  everj'  feature  is  clean  and  distinct,  and  wx 
have  not  yet  noticed  an  object  or  point  in  any  way  amliigu- 
ous. 

Following  the  star  maps  are  several  double  page  litho- 
graph plates  representing  favorite  celestial  objects.  The 
first  is  the  star  cluster  of  the  Pleiades  reproduced  from  a 
photograph  by  the  Brothers  Henry  of  Paris.  Then  follow 
Bond's  Great  Nebula  in  Orion,  Trouvelot's  representation  of 
Nebula  G.  C.  4355,  Vogel's  star  clusters  G.  C.  4-t40  and 
1361;  Trouvelot's  star  cluster  G.  C.  4-294;  hcHographical 
reproduction  of  part  of  the  constellation  Cygnas  from  a 
photograph  by  Brothers  Henry-,  Paris;  Holden's  fttng 
Nebula  in  Lyra,  G.  C.  4447,  and  seventeen  other  fine  illustra- 
tions by  the  same  and  other  equally  competent  artists. 

The  publishers  have  done  their  part  very  neatly  and  well, 
and  wonder  is  that  the  book  can  be  sold  for  the  low  price  of 
$2.50  per  copy. 
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BCSTHODS  OF  TRACING  CONSTELLATIONS. 


PROFESSOR   \V.   A.    ROGERS.* 


For  Thb  Mbmbngbk. 

It  has  alwaj's  seemed  to  the  writer  that  the  student  in  as- 
tronomy ought  to  be  able  to  locate  the  positions  of  the  prin- 
cipal stars  visible  in  the  heavens  at  any  assumed  time,  and 
to  give  their  names,  by  some  method  in  which  memory  plays 
a  less  prominent  part  than  in  the  ordinary  way  of  locating 
constellations  by  a  knowledge  of  the  configuration  of  the 
brighter  stars.  Even  if  the  student  has  a  star  map,  he  finds 
it  a  difl[icult  matter  to  use  it  on  account  of  the  ever  changing 
form  of  these  configurations  with  respect,  for  example,  to 
the  horizon.  If  the  student  were  able  to  construct  his  own 
chart  easily  and  with  little  loss  of  time,  the  problem  of 
tracing  constellations  would  be  reduced  from  bewildering 
guess-work  to  certainty. 

After  a  trial  of  the  method  proposed  in  this  paper  with 
college  classes  for  two  j-ears,  sufficient  experience  has  been 
gained  to  warrant  the  conclusion  that  this  method  of  pre- 
senting the  subject  awakens  enthusiasm  and  gives  to  the 
average  student  a  far  better  knowledge  of  all  the  problems 
which  relate  to  the  celestial  sphere  than  the  usual  method  is 
Kkely  to  give. 

It  is  proper  to  say  at  the  outset  that  this  paper  is  not 
written  for  astronomers.  It  is  written  for  the  benefit  of  the 
ordinary  academic  and  collegiate  student  who  is  pursuing 
the  studv  of  astronomv  for  the  first  time.  It  will  be  seen  at 
once  that  there  is  nothing  new  about  the  method  proposed 
except  its  adaptation  to  the  needs  of  the  average  student. 

We  start  with  the  statement  that  the  position  of  a  star 
upon  the  celestial  sphere  is  to  be  determined  in  precisely  the 


*  Professor  of  Physics  and  Astronomy  in  Colby  University,  Waterville,  Maine. 


146 


The  Sidereal  Messenger. 


same  way  that  we  locate  a  point  upon  the  surface  of  the 
earth,  viz.:  by  means  of  its  longitude  and  its  latitude.  We 
first  assume  a  primary  circle,  viz.:  the  equator.  From  the 
pole  of  the  primary  circle,  or  the  extremity  of  the  earth's 
axis,  we  draw  a  secondary  circle  through  some  point  which 
we  assume  as  the  zero  of  longitude,  e.  g.,  Washington,  and 
extend  it  until  it  intersects  the  equator.  This  point  will  be 
the  zero  of  the  co-ordinates  from  which  all  longitudes  are  to 
be  reckoned.  We  next  draw  another  secondan.'  circle 
through  any  selected  point  on  the  earth's  surface,  and  extend 
it  till  it  intersects  the  equator.  Then  the  distance  from  this 
point  of  intersection  to  the  zero  of  co-ordinates  measured  on 
the  primary  circle  will  be  the  longitude  of  the  place,  and  the 
distance  from  this  intersection  measured  on  the  secondary 
circle  to  the  point  will  be  its  latitude.  The  longitude  and 
the  latitude  taken  together  form  a  srstem  of  co-ordinates. 
In  the  determination  of  the  position  of  a  point  upon  the  ce- 
lestial sphere,  four  systems  of  co-ordinates  are  in  common 
use.  As  will  be  seen  presently  each  system  has  certain  ad- 
vantages peculiar  to  itself  Since  each  system  has  its  o%>Ti 
primary  circle,  its  own  secondary  circle  and  its  own  zero  of 
co-ordinates,  it  is  necessary  to  define  these  circles  of  reference 
and  these  points  of  reference. 

The  great  circles  of  the  celestial  sphere  which  are  employed 
as  reference  circles,  may  be  defined  as  the  circles  described  up- 
on the  celestial  sphere  by  the  extension  of  the  planes  of  the 
great  circles  of  the  terrestrial  sphere  until  they  cut  the  celes- 
tial sphere.  The  three  primary  circles  which  are  employed 
in  the  location  of  a  point  upon  the  celestial  sphere  are  the 
equator,  the  ecliptic  and  the  horizon.  The  poles  of  these 
circles  are,  of  course,  the  points  on  the  great  circle  passing 
through  the  zenith  of  the  observer  and  the  pole  of  the 
heavens  which  are  90°  from  their  respective  primary  circles. 
If  we  designate  the  pole  of  the  equator  by  P,  the^pole  of  the 
ecliptic  by  P"  and  the  pole  of  the  horizon  by  Z,  we  can  con- 
veniently designate  all  great  circles  which  pass  through 
these  points  as  P-circles,  P'-circles  and  Z-circles  respectively. 

The  points  which  are  assumed  as  the  origin  of  co-ordi- 
nates are  as  follows ; 

For  the  equator.  1,  The  intersection  of  the  ecliptic  with 
the  equator  or  the  vernal  equinox. 
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; through  t 


ion  of  the   equator   with    the  meridian 
e  zenith  of  the  observer. 
The  vemal  equinox. 
For  the  horizon.    The  intersection  of  the  meridian  passing 
through  the  zenith  of  the  observer  and   the  horizon  at  the 
south  point. 

Wc  may  define  the  several  systems  of  co-ordinates  by  the 
aid  of  Fig.  1.  This  figure  is  the  photograph  of  a  wire  globe 
with  a  hemispherical  cap  which  has  a  black-board  surface. 

In  taking  the  original  negative,  the  pole  of  the  cap  was 
inclined  towards  the  camera  in  order  to  show   all   the  ele- 
Tit8  involved. 


»  V    repmciits  a  swction  of  the  celestial  equator. 
Vl  y  { V"  not  shown  in  tht  figure)  represents  a  section  of 

the  ecliptic. 
fAS    (S  =  «outh  point  of  the  horizon,  not  shown  in  tlie 
fignre)  represents  a  section  of  the  horizon. 
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Having  selected  a  point  O  upon  the  celestial  sphere,  wc 
proceed  as  follows : 

SYSTEM    I. 

Primary  Circle  =  the  equator. 
Pass  a  P-circle  through  the  point  O  and  extend  it  till  it  in- 
tersects the  equator  at  «. 
Then :     Va  =  the  right  ascension  of  the  point  O  =  « 
« O  =  the    declination    of  the  point  0  =  d, 

SYSTEM    II. 

Primary  Circle  =  the  ecliptic. 
Pass  a  P'-circle  through  the  point  O  and  extend  it  till  it  in- 
tersects the  ecliptic. 
Then :    V 1  =  the  celestial  longitude  of  O  =  a 
/  O  =  the  celestial  latitude  of  O  =  ?, 

SYSTEM   in. 

Primary  Circle  =  the  horizon. 
Pass  a  Z'-circle  through  O  and  extend  it  to  the  horizon. 
Then :  the  azimuth  oi  0  =  A 

the  altitude  of  O  =  A.* 

SYSTEM    IV. 

Primary  Circle  =  the  equator. 
Pass  a  P-circle  through  O. 
Then :     Va  =  the  hour  angle  of  O  =  ZPO  =  r 

aO  =  the  declination  of  O  =  ^. 
For  convenience  of  reference,  these  elements  are  given  in 
the  following  tabular  form : 


System. 


Primary 
Circles. 


I.  '  The  equator. 

XL  The  ecliptic. 

III.  :  The  horizon. 

IV.  !  The  equator. 


Secondary 
Circles. 


P-Circles. 
P'-Circles. 
Z-Circles. 
P-Circles. 


Vernal  equinox.       ! 
Vernal  equinox.       j 

South  point  of  the 

horizon. 
Intersection  of  the 

circle  through  P 

and  Z  with  the 

equator. 


Co-ordinate*. 


Right  Ascen.  =  a 

Declination  =  S 

IfOtij^tude  =  X 

Latitude  =  3 

Azimuth  =  A 

Altitude  =  b 

Houranp^le  =  r 

Declintaton  =  A 


The  first  system  is  emploj'ed  in  the  catalogues  of  stars  and 
in  the  location  of  the  positions  of  planets,  because  the  origin 
of  the  co-ordinates,  the  vernal  equinox,  occupies  the  same 
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position  from  year  to  year  with  the  exception  of  a  slight 
motion  annually  in  precession. 

The  second  system  is  mainly  used  in  connection  with  plan- 
etary reductions,  on  account  of  the  simplicity  introduced  by 
referring  the  position  of  a  planet  or  a  comet  to  the  plane  of 
the  orbit  of  the  earth. 

The  third  system  has  the  practical  advantage  of  enabling 
the  observer  to  locate  the  position  of  an  object  upon  the  celes- 
tial sphere  by  eye-estimates  of  the  altitude  and  azimuth, 
since  he  always  has  the  horizon  before  him  and  the  zenith  is 
a  well  defined  point  in  the  heavens.  Since,  however,  every 
]>oint  in  the  heavens  has  a  motion  from  east  to  west 
through  the  diurnal  motion  of  the  earth  upon  its  axis  from 
west  to  east,  we  can  only  determine  these  co-ordinates  for 
a  particular  instant  of  time. 

The  fourth  system  enables  us  to  obtain  from  the  elements 
given  under  System  I  the  data  required  to  fix  the  position  of 
the  zenith  at  a  given  instant. 

From  Fig.  I  we  have : 

Or  r  =  W-  « 

But  VV  is  equal  to  the  right  ascension  of  the  vernal 
equinox,  since  it  is  the  distance  of  the  vernal  equinox  from 
the  meridian,  or  rather  of  the  meridian  from  the  vernal 
equinox.  How  shall  we  measure  the  arc?  Let  us  suppose 
that  there  is  a  bright  star  exactly  at  the  intersection  of  the 
equator  with  the  ecliptic  which  can  be  easily  recognized. 
Let  us  suppose  also  that  before  this  star  reaches  the 
meridian  on  March  22nd  of  any  year  the  hands  of  a  clock 
which  will  run  with  a  uniform  rate  have  been  set  at  OA  Om 
Os.  The  moment  the  star  crosses  the  meridian,  the  clock  is 
started.  If  at  the  end  of  24  hours,  the  hands  of  the  clock 
point  to  OA  Om  Os  at  the  instant  when  the  star  again  crosses 
the  meridian,  it  is  evident  that  the  face  of  the  clock  will  in- 
dicate the  arc  of  revolution  passed  over  by  the  star  at  any 
time  selected  during  the  24  hours.  Such  a  clock  is  called  a 
sidereal  clock.  It  indicates  the  sidereal  time  of  the  vernal 
equinox  which  we  designate  by  S.  T. 
We  have,  therefore:  r  =  S.  T.  —  a    (1) 

When  r  is  given  and  «  required :        a  =  S.  T.  —  r    (2) 
When  a  and  r  are  given :  S.  T.  =    ^  +  r         (3) 
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We  must  now  connect  the  sidereal  time  with  the  mean 
time,  since  the  value  of  S.  T.  will  be  required  for  some  in- 
stant of  mean  time.  Let  us  suppose  that  the  sun  and  the 
star  cross  the  meridian  at  the  same  instant  on  March  22nd. 
Since  the  sun  moves  eastwardly  with  a  mean  motion  of 
360°  in  one  year,  or  of  236.555s  in  one  day  and  of  9.8565s 
in  one  hour,  it  is  clear  that  the  star  will  gain  on  the  sun  in 
its  westward  motion. 

Hence,  to  find  the  sidereal  time  corresponding  to  any  given 
mean  time,  we  must  add  to  the  assumed  mean  time  236.- 
555s  for  each  day  and  9.8565s  for  each  hour  after  the  begin- 
ning of  any  day  for  which  the  sidereal  time  of  mean  noon 
is  given.  The  sidereal  time  of  mean  noon  is  given  in  the 
Nautical  Almanac  for  each  day  of  the  year.  It  will  be  ad- 
visable, however,  for  the  student  to  make  the  computations 
for  himself  from  two  dates  as  a  check  upon  the  work.  For 
the  purpose  in  hand,  it  will  be  quite  sufficient  to  use  the 
sidereal  time  of  Washington  mean  noon. 

In  order  to  reduce  the  size  of  the  factor  of  236.555  it  will 
be  convenient  to  take  from  the  Almanac  the  sidereal  time  of 
mean  noon  for  the  first  day  of  each  month.  The  student 
can  then  select  the  value  which  is  nearest  the  date  required. 
The  following  values  are  taken  from  the  Nautical  Almanac 
for  1889-90: 


Jan.      1.18  46    9,15  April 

Feb.      1,  20  4M  22.41  May 

Mar.     1.22  38  46.u:^  June 

Mar.  22.    0    1  33.52  July 


0  40  59.03         Aug.  1.    8  41  6S.89 

2  39  la.66         Sept.  1,  10  44  I2.(M 

4 +1  2S.90         Oct.  1,12  42  28.66 

6  39  45.62         Nov.  1.  14  44  41.S2 

Dec.  1.  16  42  58.30 


As  an  example  we  require  the  sidereal  time  corresponding 
to  April  6. 1889.  at  9/i  12m  P.  M..  Washington  mean  time. 


O     I  33.52  =  S.  T.  w.  M,  .V. 
0  59  08.32  =  15  X  236.555 
9  la     0.00 
0     1  30.68  =  9.2  X  9.856.1 


li     m        .  PromAp 

0  40  59.0.1  =  S,  T.  W. 
0  19  -12.78 
9  12  00.00 


10  U  12.52  = 


-  S.  T. 


I  I. 


Having  found  the  value  of  S.  T.  for  any  assumed  time  and 
having  at  hand  a  catalogue  from  which  the  values  of  a  can 
be  taken,  the  computation  of  the  hour  angle  -  by  equation 
(I)  becomes  a  verj- simple  matter. 
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Bren  when  the  values  of  a  and  r  are  given,  the  student  will 
find  it  exceedingly  difficult  to  locate  by  eye-estimates  the 
position  of  a  star  on  account  of  the  difficulty  of  keeping  in 
mind  the  position  of  the  celestial  equator.  With  the  aid  of 
a  very  simple  piece  of  apparatus  which  I  have  called  a  "  star- 
finder,"  the  location  becomes  very  easy.  It  is  shown  in  Fig. 
2.  The  hour  tircle,  attached  to  the  end  of  the  polar  axis 
is  graduated  to  hours  and  tenths  of  hours.  A  circle  grad- 
uated to  degrees  is  attached  permanently  to  the  polar  axis 


near  the  middle  point.  An  arm  of  wood  works  about  a 
pivot  fastened  at  the  center  of  this  circle.  A  piece  of  tin, 
painted  black  except  at  the  upper  edge,  is  attached  to  this 
arm  in  a  vertical  position.  This  constitutes  the  declination-, 
pointer.  When  the  edge  of  the  arm  is  set  at  0°  on  the  circle, 
the  pointer  is  directed  towards  the  celestial  equator.  When 
set  at  any  given  declination,  it  describes  the  diurnal  circle 
corresponding  to  this  declination  when  the  polar  axis  is  re- 
volved.   In  order  to  prepare  the  instrument  for  use,  place  it 
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in  the  meridian  of  the  observer  and  set  the  base  approxi- 
mately  in  the  horizontal  plane  by  means  of  a  spirit  level.  If 
the  sidereal  time  is  given,  we  have  only  to  set  the  declina- 
tion pointer  for  a  known  declination  and  revolve  the  polar 
axis  till  the  pointer  of  the  hour  circle  indicates  the  given 
hour  angle.  By  sighting  along  the  edge  of  the  tin,  the  ob- 
ject sought  will  be  readily  seen.  If  the  real  sidereal  time  la 
not  known,  as  may  often  happen  from  not  knowing  the 
exact  local  mean  time,  it  can  he  determined  from  equation 
(3)  by  selecting  two  bright  stars  whose  co-ordinates  arc 
known,  one  east  and  the  other  west  of  the  meridian.  Direct 
the  pointer  to  these  stars,  read  off  the  hour  angle  from  the 
hourcircle  in  each  case,  and  find  the  values  of  S.  T.  from  equa- 
tion (3).  The  mean  of  these  two  values  will  give  the  value 
of  the  sidereal  time  nearly  free  from  an  erroneous  adjustn 
in  the  meridian  and  with  sufficient  precision  for  the  wo 
the  evening. 

The  computation  of  the  hour  angles  should  be  made  ii 
vance  according  to  the  following  scheme : 

Example:    Locate  the  position  of  the  following  starafl 
April  6,  at  9.2A  p.  m. 

S.  T.  for  April  6  at  9,26  =  10.2+/J, 


^Andromeda 2.0  +28.3  •■+  0.04 

aPersri 2.0  -|-i9.5  3.29 

^Efidani 3.0  -    5.2  5.1)4 

aAquarii 3.0  -    0.9  22.00 

a  PcRBsi 2.0  +  14,0  22.99 

It  is  the  experience  of  the  writer  that  the  student  cad^ 
cate  from  thirty  to  forty  stars  during  an  hour  if  the  vara 
of  r  have  been  computed  in  advance.  Allowance  can  be 
made  for  an  extension  of  the  time  beyond  that  for  which  the 
value  of  S.  T.  has  been  computed  by  adding  the  excess  to  the 
computed  values  of  t. 

LOCATION  OF   ST.VRS  BY   MEANS  OF  THE  CO-ORDINATES,  ALTt- 
TUDE  AND  AZIMUTH. 

A  little  practice  will  enable  the  student  to  estimate  al- 
titudes and  azimuths  with  considerable  precision,  but  the 
following  simple  and  inexpensive  apparatus  will  he  found  to 
offer  many  advantages: 
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A  wooden  frame.  A,  is  saspeaded  freely  from  the  jjoint  C. 
This  frame  has  an  altitude  pointer,  P,  and  an  azimuth  point- 
er, P',  which  swings  freely  with  the  friime  a  little  above  the 
top  of  a  tahle  upon  the  surface  of  which  a  circle  B  is  gradu- 
ated. The  only  adjustments  required  are,  the  shifting  of  the 
.point  of  contact  at  (a)  till  the  edges  of  the  frame  are  vertical 
d  setting  the  table  so  that  the  line  of  the  circle  B  from  0^ 
180"^  shall  be  in  the  meridian  of  the  observer. 

It  has  been  assumed  thus 


far  that  the  co-ordinates,  alti- 
tude and  azimuth. areknown. 
It  is  now  required  to  6nd 
some  method  of  obtaining 
these  quantities  quickly  and 
by  means  within  the  reach  of 
the  student.  Three  methods 
arc  available: 

First,  By  means  of  the  hem- 
ispherical globe.  After  tabu- 
lar values  of  the  hour  angle 
have  been  prepared  for  the 
stars  whose  locations  are 
sought,  we  proceed  as  follows 
to  obtain  the  corresponding 
altitudes  and  azimuths.  The 
zero  of  a  quadrantal  circle, 
which  is  a  secondary  P-circle, 
is  placed  at  the  pole  of  the 
aiuator,  P.  It  is  extended  a 
little  tieyond  the  equator. 
The  arc  is  then  swung  about 
the  point  P  until  the  point 
-which  intersects  the  equator  marks  the  given  hour  angle. 
(  declination  is  then  read  off  on  the  secondary  P-circle 
ind  the  point  is  marked  upon  the  sphere.  The  zero  of 
e  quadrantal  arc  is  then  placed  at  the  zenith,  and  with  this 
loini  as  a  pole  it  is  passed  through  the  point  just  found  and 
attended  to  theliorizion,  The  azimuth  is  then  read  off  on  the 
oruon  and  the  altitude  on  the  vertical  circle.  In  Fig.  1  the 
fatiBdrantal  arc  intersects  the  equator  at  V  and  the  point  O 
t  laid  off  on  the  secondarj-  circle  PO.    Then  the  quadrantal 
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i  from  Z  through  ( 


:  intersects  the 
S  A  will  then  be  the  azimuth  and  A  O  will  be 


arc  is  made  1 
horizon  at  .4 . 
the  altitude. 

Second,  By  means  of  the  terrestrial  globe. 

First  measure  off  the  hour  angle  from  the  intersection  of 
the  equator  with  the  ecliptic.  Pass  a  quadrantal  arc  firom 
this  intersection  through  the  point  P.  In  order  to  fix  the 
point  given  by  the  declination  upon  the  globe  without  de- 
facement, take  from  a  tumbler  of  water  triangular  bits  of 
paper  and  while  wet  place  the  sharpest  vertex  at  the  point 
obtained.  Revolve  the  globe  until  the  vernal  equinox  makes 
an  angle  with  the  metal  arc  whtch  surrounds  the  globe 
equal  to  the  hour  angle.  Hold  the  globe  in  this  position  by 
means  of  a  wedge  of  wood  between  the  globe  and  the  frame 
work  which  represents  the  horiKon,  Pass  a  Z-circIe  through 
this  point,  extend  it  to  the  horizon,  and  read  off  the  co-or- 
dinates required. 

Third,  By  means  of  an  orthographic  projection  of  the 
diurnal  circles  described  by  the  stars. 

The  two  methods  described  above,  while  they  are  simple 
and  expeditious,  involve  the  difficulty  presented  by  the  limi- 
tation that  only  one  or  two  students  can  work  with  the  ap- 
paratus at  one  time,  and  since  an  unlimited  supply  of  globes 
is  not  likely  to  be  available,  these  methods  are  hardly  ad- 
dapted  to  the  needs  of  an  instructor  who  has  a  large  class  of 
students. 

We  now  proceed  to  describe  a  method  by  which  the  stu- 
dent can  construct  for  himself,  a  system  of  right  projection 
of  points  upon  the  celestial  sphere,  upon  the  plane  of  th<- 
horizon  from  which  he  can  obtain  the  altitude  and  azimuth 
corresponding  to  a  given  hour  angle  and  declination,  with  a 
degree  of  precision  considerably  greater  than  can  ordinarly 
be  obtained  by  the  use  of  a  glolie.  The  problem  may  be 
stated  as  follows : 

Given  the  position  of  the  point  O  upon  the  celestial  sphere, 
by  means  of  its  hour  angle  and  declination,  it  is  required 
to  find  the  azimuth  and  altitude  of  the  point  O'  where  a 
perpendicular  let  fall  from  O  pierces  the  plane  of  the  horizon. 

In  Fig.  4,  O'  is  the  projection  of  a  point  O,  which  is  situ- 
ated upon  the  surface  of  the  celestial  sphere,  upon  the  plane 
of  the  horizon  of  WNE.  ZA  is  the  projection  of  the  Z-circle 
passing  through  O. 
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ZCf  is  therefore  the  cosine  of  the  altitude  h.  But  the  nu- 
merical value  of  A  can  be  found  from  the  spherical  triangle 
POZ.  Fig.  1.  in  which  PO  ^  9(F—i,  Z0  =  90'~A  arid  P^  = 
90° — f .  (Since  the  altitude  of  the  pole  P  above  the  north  I 
horizon  is  equal  to  the  latitude  of  the  place  of  observation.) 
The  hour  angle  r  ^  ZPO. 


We  have  given  in  this  triangle  the  parts  r  and  -i  to  find  h. 
I  Front  spherical  trigonometry  we  have  the  general  relation 
cos  "  =  cos  b  cos  c  +  sin  b  sin  c  cos  A . 
In  order  to  adapt  the  triangle  to  this  formula  place  A  at 
I  the  given  angle  ZPO  and  B  at  the  angle  PZO. 
\  Then, cos (90"— ft)  =cos  (90"—'')  cos[90''— f)  + 
sin  (90°—")  sin  (90^  — sf)  cos  r. 
or  sin  A  —  sin  •'  sin  v  -(-cos  -t  cos  v  cos  r. 
in  which  nil  the  terms  of  the  second  member  of  the  equation 
arc  given.     Having  found  the  natural  cosine  of  A  the  lineZO' 
heciimes  known,  I 

The  direction  of  the  line  ZA   will   be  determined   by  the 

right  angled  triangle  MZO',  in  which  we  have  one  side  given . 

In  order  to  find  the  side  MZ.  proceed  as  follows:     Let  fall 

f  fipom  the  point  O  upon  the  surftice  of  the  sphere,  a  perpendic- 

l  nlar  to  the  diameter  from  the  center  of  the  sphere  through  ' 
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P.  Let  R  represent  this  point.  From  R  draw  a  perpen- 
dicular to  the  same  radius  in  the  plane  of  the  great  circle 
passing  through  the  points  E.  P.  IV.  Also  let  fall  from  O  a 
perpendicular  until  it  intersects  the  last  line  at  the  point  .V. 
Then  JV J?  =  ZA/ since  these  lines  are  included  between  two 
parallel  planes  which  are  perpendicular  to  the  same  lin' 

But  i?0'  =  siii  (90°  — 'T)  =  cos  "land 
the  angle  NRCT  =  90°— t. 

Hence  in  the  right  angled  triangle  O'NR  we  have 
SR  =  sin  -  cos  ')  =  MZ. 

We  have  now  two  sides  of  the  triangle  MO'Zirora  \ 
cos  (.4  —  90°)  =  sin /I  ^  ^^  =  ^^^^^^* 

Collecting  the  formulfe  we  have: 

sin  A  — sin  J  sin  f +  cos'Icosf  cosr  (4) 

ZO^  =  Rcosh  (5) 

s'n-^  =  -.-^^  (6) 

For  a  given  hour  angle  and  declination,  the  corresponding 
azimuth  is  obtained  by  laying  off  on  the  horizon  the  com- 
puted value  of  ,-1,  The  point  O'  is  then 
determined  by  drawing  a  straight  Hne 
from  Z  to  the  point  .-1  and  laying  off  on 
this  line  the  computed  distance  ZO'. 

If  the  positions  of  point  O  are  deter- 
mined for  a  given  value  of  ■'  and  for  suc- 
cessive values  of  r;  equal,  e.^.,  to  10°, 
it  is  obvious  that  we  shall  have  the 
projections  of  a  series  of  points  which 
lie  in  the  diurnal  circle  described  by  a 
star  whose  declination  is  equal  to  the 
value  employed  in  the  computation. 

If  similar  positions  of  O"  are  found  for  diurnal  arcs  which 
are,  e.g.,  5°  apart  in  declination,  we  shall  have  a  series  of 
points  in  the  ellipses  which  are  the  projections  of  these  circles 
and  by  drawing  P-circles  through  the  points  computed  with 
the  same  value  of  -  we  shall  have  the  projections  of  the  P- 
circles. 

The  labor  involved  in  the  location  of  all  these  points  is 
considerable  but  in  my  own  case,  by  assigning  to  each 
member  of  the  class  a  single  diurnal  circle,  the  time  require*! 
for  the  work  was  only  the  time  required  for  the  preparation 
for  two  recitations.     Having  arranged  the  values  of  A  and 
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Z(y  in  tabular  form,  the  location  of  O'  was  obtained  by 
noting  the  point  on  the  horizontal  circle  corresponding  to 
the  tabular  value  of  A,  and  then  measuring  the  distance  ZO' 
on  the  line  ZA . 

The  full  projections  of  the  diuinal  circles  and  the  P-circles 
are  then  made  b^'  drawing  smooth  free-hand  curves  through 
these  points. 

But  the  projections  both  of  the  diurnal  circles  and  of  the 
P-circles  can  be  made  by  the  mechanical  construction  of  the 
ellipses  which  are  the  projections  of  these  circles. 

PROJECTIONS  OF  DIURNAL  CIRCLES. 

Let  X  =  the  projection  upon  the  horizontal  plane  of  the 
meridian  altitude  of  any  diurnal  circle. 

Let  x'  =  the  corresponding  point  at  the  lower  culmina- 
tion. The  minor  axis  of  the  ellipse  will  then  be  equal  to 
the  distance  between  x  and  x'  and  the  major  axis  will  pass 
through  a  point  half  waj-  between  x  and  x'.  We  have  then 
the  numerical  value  of  the  minor  axis  and  the  position  of 
the  mafor  ibds  but  not  its  length.  • 

It  will  be  easily  seen  that  the  foci  of  all  the  ellipses  fall  in 
a  dide  described  about  the  zenith  with  the  radius,  PZ,  Fig. 
6.  For  any  given  case,  the  foci  will  1^  determined  b^"  the  in- 
tenscctions  of  the  major  axis  wnth  this  circle. 

PROJECTIONS    OF  P-CIRCLES. 

Ill  this  case  we  have  the  major  axis  equal  in  every  case  to 
the  diameter  of  the  horizontal  circle.  The  direction  of  the 
ai^s  for  a  given  value  of  r  is  however  not  given. 

The  point  at  which  the  major  axis  intersects  the  south 
horizon  can  be  found  from  equations  (4)  and  (6).  Since  for 
this  case  the  altitude  is  zero,  equation  4)  becomes 

0  =  sin 'T  sin  f  +  cos  'J  cos  f  cos  r, 
and  cos  r  =  tang  ')  tang  v.  (7) 

Substituting  in  equation  (6)  the  value  of  r  found  from 
equation  (7)  we  have  the  azimuth  of  the  end  of  the  major 
axis  from  which  the  position  of  the  axis  becomes  known. 

It  will  be  easily  seen  that  the  foci  of  the  ellipse  described 
upon  this  axis  will  fall  in  an  ellipse  whose  foci  are  the  points 
P  and  the  intersection  of  the  equator  with  the  meridian  of 
the  observer,  being  determined  by  the  intersection  of  the 
major  axis  with  this  ellipse.     The  dots  in  the  ellipse,  Fig.  6, 
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represent  the  positions  of  the  foci  with  which  the  projections 
of  the  P-circles  were  described. 

METHOn   OF    L'SIXG    A     PROJECTION-CHART    COXSTRttOTBD    FOR 

A   GIVEX  LATlTtTDE  AS  SHOWN  IN   FIGURE  6. 

When  a  chart  has  been  made  similar  to  the  one  shown  in 

Fig.  G,  the  positions  of  the  stars  of  a  selected  list  can  be  laid 

off  upon  it  directly  with  tlie  kmiwn  vahies  of'"  and  r,  by  es- 


timating the  position  corresponding  to  the  declination  upoA 
the  line  NS,  then,  noting  its  distance  from  the  nearest  ellipse 
follow  the  ellipse  from  east  to  west  till  the  given  hour  angle 
is  reached.  In  the  present  case  the  P-circles  are  separated  by 
intervals  of  10°.  If  a  more  exact  interpolation  is  desired 
the  intervals  must  be  reduced  to  5°. 

Since,  however,  the  space  upon  the  chart  is  largely  pre- 
occupied, it  will  be  found  advisable  to  use  this  chart  only  for 
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the  purpose  of  reading  off  the  co-ordinates  in  altitude  and 
azimtith,  which  .correspond  to  the  given  values  of  d  and  r. 
For  this  purpose  a  graduated  radius  is  made  to  revolve 
about  the  point  Z  as  a  center,  as  shown  in  Pig.  6.  The  dis- 
tances from  the  center  have  been  multiplied  by  the  cosine  of 
the  altitudes  corresponding  to  the  given  declinations ;  hence 
the  altitudes  can  be  read  off  directly  from  this  radius.  Hav- 
ing located  by  estimation  the  point  corresponding  to  a  given 
valne  of  ^  and  of  r,  the  radius  is  revolved  until  the  edge  falls 
upon  tluB  pcyint.  The  intersection  of  the  edge  with  the  hori- 
zon win  give  the  azimuth,  and  the  graduated  radius  will 
gtwt  the  altitude. 

MBTHOO  OF  CONSTRUCTING  A  STAR  CHART. 

In  tiie  method  of  projection  employed  there  will  be  no  fore- 
shortening  in  azimuth,  and  the  fore-shortening  in  altitude 
wfll  increaie  rapidly  as  we  approach  the  horizon.  It  will 
hardly  be  noticeable  at  an  altitude  of  30°.  For  the  purpose 
of  identification  it  will  be  sufficient  to  use  a  radius  subdi- 
vided into  90  equal  parts  instead  of  the  projections  of  the 
equal . rabdiTisiom  of  the  circular  radius.  With  such  a 
radins  and  a  graduated  circle  representing  the  horizon,  the 
poaitions  of  a  selected  list  of  stars  are  obtained  by  using  the 
aznnnthe  and  altitudes  drawn  from  the  projection-chart  as 
shown  in  Fig.  6. 

The  application  of  this  method  will  be  shown  in  the  fol- 
lowing example : 

Reqniied  the  azimuths  and  altitudes  of  the  stars  in  the 
"Diaper"  for  May  11, 1889,  at  lOA  p.  m. 


Ihrom. 

h     m       • 

0  40  60.06  «- 

2  87  43.20  = 

10  00    0.00 

1  38.56  = 

\prUl. 

S.  T.  W.  M.  N. 
40  X  230.5555  . 

10  X  9.8565s 

From 
h     m        n 

2  39  15.66  = 

1     5  25.55 

10  00  00.00 

1  38.^6 

May  1. 
:  S.  T.  W. 

M.N. 

13  19  19.81 

13 

19  19.77 

Hence  S.  T. 

=  13.32/1. 

Name  o#      M«fni- 
Star.          tadc. 

rj 

a 
h 

in  time, 
h 

• 

in  arc. 

o 

A 

0 

h 

o 

^              2.0 

-f  57.1 

10.92 

2.40 

36.0 

131.8 

64.7 

a          .   2.0 

+  62.4 

10.94 

2.38 

35.7 

143.5 

63.1 

y              2.3 

+  54.3 

11.80 

1.52 

22.8 

^30.0 

72.2 

d             3.0 

+  54.7 

12.17 

1.15 

17.2 

137.0 

75.1 

c             3.0 

+  48.5 

12.82 

0.50 

7.5 

127.5 

83.8 

C             3.0 

+  55.6 

13.33 

23.99 

359.9 

180.5 

79.6 

«             2.0 

+  49.9 

13.72 

23.60 

354.0 

217.3 

83.5 
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The  values  of  A  and  h  were  taken  from  a  projection-chart 
having  a  radius  of  34  cms.  Accuracy  sufficient  for  the  pres> 
ent  purpose  will  be  obtained  if  the  circle  representing  the 
horizon  has  a  radius  of  12  cms. 

The  exact  values  of  A  and  h  will  now.be  derived  from  for- 
mulae (4),  (5)  and  (6). 

For  ^  =  45°. 
Log  sin^  =  9.84948.    Log  cos^J  =  9.84948. 

star.  i^  a  ^  t)  e  C  i? 

Of  o  /  o  o 

<)  57.1        62.4       54.3        54.7       48.5        55.6        49.9 

T  36.0        35.7        22.8        17.2  7.6    —  0.1    —  6.0 

Los  «in  ^ 9.92408  9.94753  9.90960  9.91176  9.87446  9.91651  9.88362 

Log  din  rjsin  <P 9.77356  9.79701  9.75908  9.76124  9.72394  9.76599  9.7S310 

Logcon  a 9.73494  9.66586  9.76607  9.76182  9.82126  9.75202  9.80897 

Log  COST 9.90796  9.90960  9.96467  9.98013  9.99627  lO.OOOOO  9.99761 

L'gco8/Tco8^co87 .9.49238  9.42494  9.58022  9.59145  9.66701  9.60150  9.65606 

cos  rT  cos  ^  cos  T. 3107        .2660        .3804        .3903         .4645  .3995         .4530 

sin  4  sin  <p 5937       .6266        .5742        .5771        .5296  .5834        .5409 

sum 9044       .8926        .9546        .9674        .9941  .9829        .9939 

Log  sin  It 9.95636  9.95066  9.97982  9.98561  9.99743  «  9.99251  9.99734 

b 64°  44'    63"  12'    72°  40'    75°  20'    83<»  46'  79®  23'    SS®  40* 

Log  comp  cos  b 0.36971  0.34594  0.52589  0.511654  0.96426  0.73462  0.95738 

Log  sin  "T. 9.76922  9.76607  9.58829  9.47086  9.11570  7.24188  9.01923 

Log  cos /T 9.73494  9.66586  9.76607  9.76182  9.82126  9.75202  9.90897 

Log  sin  A 9.87387  9.77787  9.88025  9.82922  9.90122  7.72852  9.78558 

A 131°35'    143°9'      130O37'    137°23'    127°12'  180<>18'    217*37' 

When  sin  S  sin  ^  is  greater  than  cos  'J  cos  f  cos  r  the  angle  A 
is  to  be  subtracted  from  180°. 


ERRORS  IN  ASTRONOMICAL  TEXT  BOOKS. 


LEWIS  SWIFT.* 


For  Tub  Mbssenobr. 

Errors  of  one  kind  or  another  are  sure  to  insinuate  them- 
selves into  scientific  books,  regardless  of  the  painstaking 
care  to  exclude  them  exercised  by  writers  and  proof-readers. 
A  faultless  work  on  any  branch  of  science,  especially  on  as- 
tronomy, has  probably  never  been  published,  and  the  most 
exacting  critic,  doubtless,  does  not  expect  to  meet  with  a 
perfect  volume ;  yet  there  are  errors  extant  too  obvious  to 
be  quietly  passed  over,  to  which  it  seems  advisable  to  call 
attention.    The  following  are  a  few  I  have  noticed : 

In  that  most  excellent  work  of  Professor  Newcomb,  "  Pop- 
ular Astronomy,"  in  which  are  found   fewer   inaccuracies 


Warner  Observatory,  Rochester,  N.  Y. 
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than  in  almost  any  other,  there  occurs,  on  page  395,  this 
statement:  "In  the  same  year  (1819)  Dr.  C.  H.  F.  Peters,  at 
Naples,  discoTered  a  comet  of  quite  short  period,"  etc.  Now 
at  that  time,  as  Dr.  Peters  was  but  six  years  old,  he  was 
quite  unlikely  to  be  searching  for  comets.  Two  comets,  sup- 
posed to  be  of  short  period,  were  found  in  that  year,  one 
by  Pons,  the  other  by  Blainpain,  but  the  comet  discovered 
by  Dr.  Peters,  in  Italy,  was  Comet  VI,  1846.  He  also  dis- 
covered Comet  IV,  1857,  at  the  Dudley  Observatory,  Albany, 
N.  Y.  On  page  403,  same  wof  k,  in  speaking  of  one  of  the  as- 
sumed five  values  for  the  revolution  of  the  meteoroids  caus- 
ing the  November  meteoric  shower,  it  says :  **  The  greatest 
of  these  values,  and  the  one  it  seems  most  natural  to  select, 
is  that  of  the  mean  interval  between  the  showers,  or  33% 
years."  It  is  true  that  the  meteoroids  complete  a  revolution 
in  SSM  years,  but  whether  in  half  or  in  ten  times  that  period 
cannot  possibly  affect  the  interval  between  the  showers,  as 
that  is  governed  by  the  earth's  period,  or  a  year.  Owing, 
however,  to  the  motion  of  the  node,  each  return  of  the  great 
shower  occurs  one  day  later,  or  once  in  33  years  and  one 
day.  In  1799  it  occurred  on  Nov.  12th ;  in  1833,  on  Nov. 
13th;  in  1866,  on  the  14th,  and  it  will  again  repeat  itself  on 
Nov.  15th,  1899.  Were  the  text  true,  the  shower  of  1866, 
Nov.  14,  would  have  fallen  on  the  middle  of  February.  Dr. 
Ball,  in  his  work  on  astronomy,  fell  into  the  same  error,  but 
has  corrected  it  in  his  latest  writings.  Because  of  the  high 
authority  of  these  two  astronomers,  this  mistake  has  been 
copied  in  nearly  all  modem  text-books. 

The  April  issue  of  The  Observatory^  page  206,  alluding 
to  the  resignation  of  the  Directorship  of  the  Vassar  College 
Observatory,  by  Miss  Maria  Mitchell,  and  her  discovery  of  a 
comet  in  1847,  says:  "She  has  the  credit  of  discovering 
seven  other  comets."  Again  the  author  of  "Progress  of 
Astronomy  during  1888*'  (see  English  Mechanic  of  Jan.  14th, 
1889),  referring  to  her  resignation,  says:  "She  is  chiefly 
known  in  this  country  as  a  discoverer  of  comets."  While 
we  would  not  be  ungenerous  to  this  most  worthy  lady  and 
astronomer,  yet,  as  we  seek  for  truth  and  not  error,  we  are 
compelled  to  assert  that  but  one  comet,  that  of  1847  for 
which  she  was  awarded  the  gold  medal  offered  by  the  king 
of  Denmark,  was  ever  discovered  by  her. 
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Lardner's  Natural  Philosophy,  article  "Astronomy," 
third  course,  page  649,  says  of  former  and  future  pole-stare, 
that  4,000  years  ago  Gamma  Draconis  Avas  the  pole-star. 
In  Astronomy  Simplified  by  P.  A.  S.  Rollwin,  page  208,  is 
found  the  same  statement.  This  recalls  to  mind  that. on  the 
occasion  of  a  lecture  on  astronomy  which  the  writer  once 
gave  and  in  which  he  stateil  that  4,200  years  ago  Alpha 
Draconis  occupied  the  position  of  pole-star,  a  gentleman  in 
the  audience  rose  to  correct  his  statement  declaring  that 
from  the  books  Gamma  was  then  the  pole-star.  The  lecl- 
nrer,  by  drawing  the  precessional  circle  round  the  pole  of  the 
ecliptic,  convinced  him  of  his  error. 

On  page  409.  Lardner  says,  "  The  greatest  possible  dura- 
tion of  a  total  solar  eclipse  is  the  time  necessary  for  the 
moon  to  gain  upon  the  sun  122";  it  follows  that  the  dura- 
tion of  a  total  sojar  eclipse  can  never  exceed  four  minutes," 
Truth  is,  totality  may  continue  nearly  twice  that  length  of 
time. 

Astronomy  SimpliUcd,  page  20,  declares  that  "according 
to  Struve  (?)  the  star  Castor  (Alpha  Geminorum)  is  one  of  a 
ternary  system  consisting  of  three  suns.  .  .  .  This  star 
has  completed  an  entire  revolution  in  its  orbit  since  1790." 
The  fact  is,  the  two  stars,  nearly  equal  in  magnitude,  hai"<r, 
during  the  last  one  hundred  3'ears,  moved  so  little  that  as- 
tronomers are  in  doubt  whether  the  motion  is  orbital  or 
not.  On  page  196  is  the  astonishing  statement  that  "  Ever>' 
time  it  (Mercury)  completes  a  revolution  in  its  orbit,  it 
makes  a  transit  of  the  sun." 

Chambers'  Astronomy,  page  346,  gives  the  number  of  ap- 
paritions of  Halley's,  Encke's.  Biela's  and  Faye's  comets  cor- 
rectly, but  quite  erroneously  adds,  "  and  two  each  of  the  fol- 
lowing," giving  dates,  fifteen  of  them,  but  not  one  of  these 
has  been  proved  by  a  second  return  to  be  an  elliptic  comet. 

Again  on  page  39,  first  edition,  the  maximum  distances  of 
Mars,  Jupiter,  Saturn  and  Uranus  are  placed  in  the  mini- 
mum column,  and  v;ce-rersa,  while  the  distances  of  Mercury, 
Venus  and  Neptune  are  properlj'  recorded. 

Lockyer  in  the  first  edition  of  his  astronomy,  gives,  in  two 
places,  the  equatorial  diameter  of  the  earth  as  7901  mile)), 
.and,  on  page  65,  makes  the  polar  diameter  greater  than  the 
equatorial.    On  page  100,  writing  of  solar  eclipses,  he  says 
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cnriotisly  enoagb,  '^  As  the  moon,  which  throws  the  shadow, 
revolves  from  west  to  east  in  a  month,  while  the  earth's 
surface  on  whkh  it  falls  rotates  from  west  to  east  in  a  day, 
the  shadow  travels  more  slowly  than  the  snrface  and  so  ap- 
pears to  sweep  across  it  from  east  to  west  with  great  rapid- 
ity." It  is  difficult  to  conceive  how  this  distinguished  au- 
thor could  have  made  so  inaccurate  a  statement.  Another 
erroneous  declaration,  and  one  which  appears  in  several 
text-books,  is  found  on  page  206,  article  446,  as  follows: 
"  As  it  is,  however,  the  line  joining  the  aphelion  and  perihel- 
ion points,  termed  the  line  of  the  apsides,  slowly  changes 
its  direction  at  such  a  rate  that  in  a  period  of  21,000  years 
it  makes  a  complete  revolution."  As  the  annual  amount  of 
the  motion  equals  only  11. ''29,  and  as  there  are  1,296,000'' 
around  the  sky  we  find,  by  the  simple  division  required,  the 
period  to  be  115,000  j-ears.  The  21,000  years  of  our  au- 
thor has  reference  to  the  motion  of  the  apsides  coupled  with 
that  of  precession,  which  two  are  in  opposite  directions. 
The  two  phenomena  are  utterly  unlike  and  produce  entirely 
different  effects. 

From  a  long  list  of  misstatements  found  in  Bishop 
Warren's  charming  work,  Recreations  in  Astronomy,  now 
adopted  bj'  the  Chautauqua  circles  as  a  text-book,  I  select 
the  following:  [Page  24]  **\Ve  see  the  light  reflected  from 
the  new  moon  to  the  earth ;  reflected  back  from  the  house- 
tops, fields,  and  waters  of  earth  to  the  moon  again,  and 
from  the  moon  to  us  once  more"  .  .  .  **and  thus  we  see 
the  old  moon  in  the  arms  of  the  new."  It  is  not  moonlight 
but  sunlight  that  causes  the  dark  part  of  the  moon  to  be 
faintly  illuminated  After  the  sun  has  set,  sa^-,  in  London, 
it  is  shining  over  the  entire  American  continent  and  it  is  this 
sunlight  reflected  from  the  earth  to  the  moon  and,  from  the 
moon  back  again  that  causes  the  phenomenon  observed.  On 
page.196  it  says:  **So  that  the  famous  star,  61  Cygni,  is  the 
111th  star  in  brightness  in  that  one  constellation."  The 
fact  is,  it  is  called  61  Cygni  because  it  is  the  sixt3*-first  star 
in  the  order  of  Right  Ascension  in  that  constellation.  Pages 
26  and  214  contain  assertions  often  found  in  astronomical 
books,  viz.:  that  sunlight  coming  to  us  through  fog  or  a 
cloud  is  red,  whereas  it  is,  in  truth,  as  white  as  burnished 
silver,  though,  reaching  us  through  smoky  haze  (dry  fog)  it 
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always  appears  red,  especially  when  near  the  horizon.  1 
question  whether  the  cause  of  this  be  exactly  known.  It  is 
not  enough  to  declare  as  is  often  done  that  the  red  ray  has 
greater  momentum  and  can  force  its  way  through  obstnic- 
tions  while  the  others  are  absorljed.  Were  this  true,  then 
sunlight  through  a  block  of  glass  or  of  ice  ought  to  be  red, 
while  it  is  in  fact  green.  In  a  recent  ^-isit  to  Mt.  Hamilton, 
Cal.,  the  writer  saw  many  red  sunsets  almost  as  brilliant  as 
those  of  three  or  four  years  ago.  In  his  opinion,  only  for 
the  presence  of  dust  of  some  kind  in  the  atmosphere,  the  sun 
would  always  set  white. 

This  list  of  errors  in  otir  works  on  astronomy  might  be 
greatly  extended,  but  I  forlwar. 


NOTE  ON   THE  PROPER  MOTION  OF   BRADL^EV'S  STARS. 
BV   TBL'MAN    HENRY   SAFFORri." 


Bradley's  catalogue  by  Professor  Auwers  has  not  yet  been 
published,  or,  at  least,  sent  to  America,  so  far  as  I  can  6nd 
out ;  we  here  have  Vol.  II  of  the  work,  which  contains  Brad- 
ley's own  positions  in  detail,  but  not  the  catalogue,  which 
contains  the  proper  motions. 

I  have  consequently  extracted  from  the  "Positions  Mo- 
yennes  de  354-2  fepiles  (the  Pulcova  catalogue  for  1855). 
the  proper  motions  of  the  stars  there  given,  mostly  below 
the  ith  magnitude,  and  from  "Publication  l-t  der  Astrono- 
mischen  Gcsellschaft,"  those  of  the  brighter  ones;  the  two 
catalogues  are  complementary  to  each  other  in  this  respect. 

As  the  boundary  of  the  Pulcova  catalogue  of  1855  is 
— 15°  of  south  declination,  I  have  extended  the  list  of  proper 
motions  taken  from  Publication  14  to  this  parallel, by  ex. 
trading  from  Publication  17  the  few  stars  between  — 10" 
and  — 15"  which  are  of  the  4th  magnitude  or  brighter. 

The  few  stars  of  the  magnitudes  1-4  which  are  not  in 
Bradlej-  have  been  included,  as  their  proper  motions  have 
been  calculated. 

The  number  of  stars  and  of  proper  motions  greater  than 
t)".l  of  a  great  circle  annually  are  given  in  the  following 
little  table: 

•  WHllams  College  ObKrvntorr.  Msrch  T.  1880. 
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No.        P.  II.        Per 

Magnitude.  Stars.    70".10  Cent. 

Frnidameiital  stars 1.0  to  4.0              328  149  4*1 

Other  stars 4.9  or  brighter.    249  73  29 

Stars 5.0  to  5.9              823  202  25 

•*    6.0  to  6.9            1117  215  19 

"    7.0  or  fainter.       280  48  17 

That  is,  of  the  328  fundamental  stars,  149  or  45  per  cent 
have  proper  motions  greater  than  O^'.IO  annually;  and  so 
on. 

From  this  it  will  be  seen  that  the  percentage  of  sensible 
proper  motions  of  the  fainter  stars  is  not  very  small;  I 
adopted  (K'.IO  yearly  as  my  lower  limit,  thinking  that  very 
few  stars  indeed  could  be  erroneously  assigned  proper  mo- 
tions of  this  amount,  even  supposing  Bradley  to  have  a  sin- 
gle observation  only;  or  that  the  proper  motion  in  one 
co-ordinate  depends  on  Piazzi  or  Groombridge. 

The  logarithms  of  the  percentages  are  roughly  represented 
by  the  formula 

/i  =  — 0.06— 0.1/22 
which  of  course  gives  an  absurd  result  for  222  =  1,  but  else- 
where is  not  far  from  the  truth.  For  the  magnitudes  7.0, 
8.0  and  9.0  the  percentages  of  proper  motion  greater  than 
O'MO  annually  would  be:  7th  magnitude,  17th  per  cent; 
8th  magnitude,  14  per  cent;  9th  magnitude,  11  per  cent. 
That  is  to  say,  the  110,000  stars  not  in  Bradley's  cata- 
logue which  have  been  observed  in  the  zones  of  the  Astron- 
omischen  Gesellschaft  may  be  expected  to  fiimish  at  least 
12,000  proper  motions  greater  than  O'^.IO  yearly,  so  soon 
as  a  value  of  that  amount  can  be  distinctly  recognized. 

If  the  older  observations  to  be  had  in  any  case  are  Lalande 
and  Bessel's  or  Argelander's  zones  only,  the  probable  error  of 
an  annual  proper  motion  (including  both  co-ordinates)  will 
be  somewhere  between  0''.02  and  0''.03 ;  Piazzi  or  Groom- 
bridge  would  most  likely  reduce  this  amount  to  O^'.OIS  or 
0.''02;  while  all  the  authorities  of  1790-1810  should  not 
have  a  greater  uncertainty  than  O^'.Ol  to  0'^015,  provided 
the  star  is  found  in  all  three  catalogues,  or  is  twice  or  more 
observed  by  Lalande,  and  is  in  one  other.  In  these  rough  es- 
timates I  have  supposed  the  modem  authority  to  have  a 
probable  error  of  0''.5,  or  of  0s.024  read  in  right  ascension, 
and  (y\35  in  declination — which  is  probably  an  average 
value  for  the  two  or  three  observations  of  the  zones  after 
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Astronomischen  Gesellschaft — and  have  taken  the  mean 
epoch  as  1875.0. 

An  equally  accurate  repetition  of  these  zones  in  35  years 
would  give  the  probable  error  ±  0".02  for  the  annual  proper 
motions  of  stars  not  observed  before  the  present  zones  were 
begun  in  1868,  so  that  it  will  be  hardly  time  to  undertake 
it  for  this  purpose. 

The  non-fundamental  work  for  first  rate  meridian  instru- 
ments which  seems  to  me  most  important  at  the  present 
time  is  the  re-observation  of  stars  of  the  7th  and  8th  magni- 
tudes, esf)ecially  such  as  are  either  contained  in  Piazzi  or 
Groombridge,  or  give  in  other  ways  indications  of  sensible 
proper  motion.  The  proper  motions  averaging  0".10  an- 
nually have  now  a  very  great  importance  in  the  problem 
of  the  solar  motion  and  its  relation  to  the  stellar  distances. 

I  am  just  publishing  a  catalogue  of  polar  right  ascensions 
which  will  furnish  in  one  wav  a  basis  for  these  observations. 


TOTAL  ECLIPSE  OF  THE  SUN,  JAN.   i,  1889. 

HON.  C.  W.   IRISH.* 


For  The  Messenger. 

Liegan  is  a  new  town  situated  on  Section  13,  in  Township 
27,  N.  R.  16  E.  Mt.  Diablo  Meridian,  and  is  6V2  miles  west 
from  the  120th  meridian.  In  time  it  is  approximately  8/1 
00/22  29.4s  W.  of  Greenwich;  in  latitude  approximately 
40^9%'  N.;  altitude  4,050  feet  above  the  sea.  The  altitude 
was  given  me  by  L.  F.  Warner,  Esq.,  chief  engineer  of  the  N. 
C.  and  O.  Ry.,and  is  determined  with  accuracy  by  engineers' 
levels. 

The  weather  for  several  days  before  the  1st  was  very 
cloudy,  so  much  so  that  only  an  approximate  meridian 
could  be  obtained,  and  no  observations  of  precision  could  be 
made  for  obtaining  local  time,  until  noon  of  the  1st.  Clouds 
attended  us  then  and  until  time  of  first  contact,  but  did  not 
materially  interfere  with  us  after  that.  The  upper  regions 
of  the  atmosphere  were  much  disturbed  by  a  warm  S.  E. 
current,  coming  in  contact  with  a  cold  one  from  the  west. 
This  gave  the  air  in  the  vicinity  of  the  eclipse  much  tremu- 


*  United  States  Surveyor  General  of  Nevada,  and  Director  of  the  Nevada  State 
Observation  Party;  Observing  Station  was  at  Liegan,  California,  at  the  present 
terminns  of  the  California  and  Orsgon  Railway. 
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lous  motion  at  about  the  time  of  first  contact,  but  during 
totality  and  on  to  the  end  of  the  eclipse,  it  was  hardly 
noticed. 

After  the  fourth  contact  clouds  again  gathered,  and  at  sun- 
down shut  the  sky  entirely  from  view. 

I  was  assisted  by  Professor  C.  W.  Friend,  of  Carson,  Nev., 
who  took  the  contacts,  assisted  by  Hon.  Trenmore  Coffin. 
I  myself  took  the  contacts,  assisted  by  Mrs.  C.  W.  Irish. 

I  put  the  photographic  work  into  the  hands  of  Professor 
E.  P.  Butler,  of  Reno,  Nev.,  and  Mr.  James  W.  Moffat,  C.  E., 
of  Silver  Peak,  Nev.  Professor  Butler  was  assisted  b^'  Mr. 
Sidney  Pinniger,  who  changed  the  plate  holders  for  him,  and 
Mr.  Moffat  by  Professor  Wm.  McN.  Miller  of  the  Nevada 
State  University,  who  preformed  the  same  service  for  Mr. 
Moffat.  Professor  Miller  joined  the  party  for  the  purpose  of 
making  meteorological  observations  of  his  own,  and,  as  I 
was  short  a  man  for  the  photographic  work,  he  kindly  vol- 
unteered for  the  purpose.  Mr.  J.  S.  Hawkins  of  Carson,  Nev., 
by  means  of  a  sighting  tube  and  tangent  screw  attached 
to  the  platform  upon  which  the  photographic  cameras  were 
fixed,  kept  these  instruments  pointed  upon  the  sun,  and  Mr. 
L.  P.  Warner  called  the  times  the  exposures  began,  from  the 
face  of  the  chronometer  and  recorded  them. 

As  I  was  watching  for  first  contact  I  had  the  good  fortune 
to  catch  a  view  of  the  moon  as  it  closely  approached  the 
sun. 

I  could  not  see  the  entire  bDdv  of  the  mDon,  but  onlv  a 
crescent-formed  part  of  it.  An  arc  of  about  45°  in  extent 
was  plainly  seen ;  it  was  of  a  silvery  gray  tint,  very  sharp 
and  well  defined  on  edge  next  to  the  sun  and  fading  away 
to  invisibility,  and  was  lost  at  about  20°  each  way  fi-om 
the  point  nearest  to  the  sun. 

It  was  in  breadth  about  one-third  the  diameter  towards 
the  center  of  the  moon  from  the  advancing  edge. 

Thus  I  was  able  to  call  time  of  exact  contact,  and  half  a 
second  later  saw  the  black  edge  of  the  moon's  disk  overlap 
the  brilliant  limb  of  the  sun. 

The  photographic  party  now  began  their  work,  taking 
several  drop-shutter  views  of  the  partial  phases. 

As  the  total  phases  approached  closely,  I  could  plainly 
perceive  that  yellow  rays  predominated  in  the  waning  sun- 
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light ;  all  things  illuminated  by  it  wore  the  ghastly  livid 
look  as  if  illuminated  by  a  salted  flame. 

The  landscape  partook  of  this  deathly  pallor.  A  few 
seconds  before  second  contact,  diffraction  bands  began  to 
appear,  their  lengths  disposed  north  and  south,  and  their 
motion  towards  the  east.  I  saw  them  at  first  faintly  de- 
picted upon  the  canvas  of  my  tent,  and  as  they  brightened 
they  were  seen  creeping  along  the  ground  surface.  Their 
motion  I  judged  was  about  fi:«m  6  to  10  feet  per  second 
eastward. 

When  the  instant  of  the  second  contact  came,  the  sua's 
light  seemed  to  leap  out  of  that  point  of  the  moon's 
limb  where  contact  took  place,  and  springing  around  the 
circle  of  the  moon  in  opposite  directions,  clasped  it  as  if  in  a 
pair  of  loving  arms.  At  the  same  time  the  corona,  which 
before  was  faintlj'  seen,  flashed  out  upon  the  ashy  pur|)le 
sky.  At  the  end  of  this  article  I  give  four  sketches  made  by 
members  of  the  party,  second  and  third  are  duplicates.  The 
corona  had  two  double  pointed  rays,  one  of  them  about 
tangent  to  the  sun's  upper  limb,  the  other  tangent  to  the 
lower  limb.  The  outer  edges  of  these  rays  were  straight 
lines,  ornearly  so;  they  appeared  to  me  to  be  exactly  par- 
allel, and  if  they  deviated  in  tlioir  lengths  from  a  straigiit 
line,  it  was  where  they  came  in  contact  with  the  sun's  limb, 
where  they  seemed  to  curve  outward  around  it.  The  rays 
had  a  direction  in  space,  upward,  from  a  line  through  the 
sun's  center  parallel  with  the  horizon,  of  about  27^^,  rising 
towards  the  east.  The  westward  point  of  the  upper  ray 
reached  out  towards  the  west  about  IVi  diameters  of  the 
sun  from  its  center,  and  the  eastward  point  towards  east 
IVi.the  westward  point  of  the  lower  ray  2. and  itseastwanl 
point  1V4  such  diameters.  The  inner  edges  of  these  rays 
curved  inward  towards  each  other,  and  meeting,  formed  a 
fringe  of  pure  white  light  to  the  sun 's  hmb  about  Va  diameter 
broad.  The  two  western  rays,  together  with  the  included 
fringe,  were  by  far  the  brightest  part  of  the  corona,  while 
the  two  eastern  were,  with  their  included  fringe,  the  faintest. 

The  upper  eastern  ray  was  much  the  weakest  of  all.  The 
corona  in  density,  brightness  and  species  of  its  light,  re- 
minded me  strongly  of  the  great  nebula  of  Orion  when  I  view 
the  latter  with   my  4-inch   telescope    with  a  power  of  20 
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I  saw  several  stars  in  vicinity  of  the  eclipse  twinkling  bright- 
ly;  and,  on  looking  overhead  eastward  and  northward,  saw 
many  more,  but  I  was  too  much  occupied  in  sketching  the 
corona  to  take  any  note  of  them.  The  sun's  polar  rays 
flashed  out  in  a  broad  fan  from  both  poles ;  and  extending, 
as  I  judged,  94  of  a  diameter,  they  blended  with  the  corona's 
light  and  gave  to  that  its  southward  curved  appearance.  I 
paid  but  little  attention  to  the  sun's  inner  corona,  as  I  had 
not  the  time  to  do  so.  The  red  prominences  were  quite  evi- 
dent to  the  unaided  eye,  principally  on  the  western  limb  of 
the  moon. 

A  short  view  of  them  with  my  telescope  showed  the  two 
w^hich  were  noted  bv  the  observers  bv  naked  eve  observa- 
tions,  to  be  enormous  in  proportions.  The  one  in  the  axis  o\ 
the  upper  western  ray  was  sharply  spear-shaped,  and, 
doubtless,  of  quite  recent  formation.  Its  shape  and  appear- 
ance reminded  me  strongly  of  a  view  I  had,  some  years 
since,  of  the  formation  of  just  such  a  figrure  on  the  sun's  sur- 
face in  pure  white.*  The  other  prominence,  which  appeared 
in  the  axis  of  the  lower  western  ray,  was  cone-shaped,  the 
apex  bent  upward  somewhat,  and  from  it  there  floatec^  off 
three  beautiful  roseate  clouds,  in  the  direction  to  which  the 
bended  apex  pointed.    These  clouds  were  cumulus  in  form. 

A  number  of  small  and  very  red  prominences  appeared  in 
the  axis  of  the  lower  eastward  coronal  ray;  they  seemed  to 
be  just  forming.  In  the  base  of  the  upper  ray  near  to  its 
outer  edge  appeared  a  cone-shaped  prominence,  having  a 
hue  of  ashes  of  roses.  It  was  evidently  dying  away,  for  it 
seemed  to  be  settling  down  to  the  surface  of  the  sun.  The 
red  points  of  other  prominences  could  be  seen  peeping  up 
from  behind  the  black  limb  of  the  moon,  but  I  took  no 
further  note  of  them.  The  photosphere,  to  my  eye,  had  the 
appearance  of  a  rose-colored  spherical  shell,  enclosing  the 
sun  at  a  distance  of  one-twentieth  of  his  diameter  from  him, 
and  to  be  lighted  up  by  roseate  fires,  which  were  hidden  from 
my  view  by  the  dark  body  of  the  moon.  After  third  contact 
I  watched  the  parts  of  the  beautiful  scene  as  they  one  by 
one  faded  from  mv  view. 

The  chromosphere  parted  at  the  point  of  third  contact  and 
withdrew  each  way  from  it  to  disappear  at  the  opposite 

*  The  SiDBBBAL  Mbmbxobb  Vol.  III.  page  18G. 
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side  of  the  moon.  It  disappeared  altogether  in  about  3 
seconds.  But  the  beautiful  corona  lingered,  its  eastern  rays 
dissolving  in  about  15  to  18  seconds,  and  its  brighter  west- 
ern rays  in  about  20  seconds  after  third  contact. 

The  diffraction  bands  and  the  retreating  shadow  now 
claimed  m_v  attention.  The  bands  seemed  brighter  than  be- 
fore totality,  and  danced  along  like  the  reflected  sunlight 
from  faint  ripples  of  a  liruad  water  surface.  Their  peculiar 
motions  caused  me  to  remark  that  their  origin  might  be  dis- 
covered in  the  wave-like  tremulous  motion  of  the  air,  de- 
scribed at  the  beginning  of  the  eclipse.  The  shadow  whs 
seen  creeping  away  eastward,  over  the  plain  and  along  the 
mountain  side,  its  motion  not  as  swift  as  I  had  expected 
it  to  appear.  I  had  no  trouble  in  following  the  limh  of  the 
moon  to  exact  fourth  contact,  and  continued  to  see  the 
slaty  silver  gray  crescent  for  about  three  seconds  after  that. 

Again  the  photographic  party  took  photoj^raphs.  at  con- 
venient intervals  of  time,  of  the  now  declining  eclipse,  and 
observers  completed  their  sketches  before  the  figures  faded 
from  meraor>-.  This  was  laithftilly  done,  no  comment  or 
communication  with  each  other  until  it  was  done. 

At  noon  of  the  2nd  we  secured  two  reliable  observations 
for  time  over  our  approximate  meridian,  and  having  in  the 
forenoon  pulled  down  our  camp  and  packed  our  instru- 
ments, we  left  on  the  N.  C.  and  O.  train  for  Reno. 

My  observed  times  of  the  four  contacts,  referred  to  the 
chronometer,  and  corrected  for  its  rate,  and  difference  be- 
tween noon  of  the  1st  and  second  by  our  approximate  merid- 
ian, were  as  follows:  Ist.OA  29m04..65P.M.,  Jan.  lst.l8S9: 
2nd,  lA  51m  15,0s;  3rd,  lA  53m  00.6s;  4th,  Sb  09m  55.55, 

Professor  Friend  and  Hon.  Trenmore  Coffin  jointly  report 
as  follows:  "Diffraction  bands  were  not  noticed  at  the  be- 
ginning of  totality.  The  corona  on  each  side  of  the  sun 
somewhat  resembled  an  elongated  tail  fin  of  a  fish,  with  the 
outer  edge  fairly  well  defined,  and  with  the  inner  edge  shad- 
owing off  into  invisibihty.  The  four  points  seemed  to  extend 
oucinto  long.single,  hair-like  rays  of  indefinite  length,  losing 
themselves  in  the  brighter  outer  sky.  Point  d  (Fig.  2|  was 
discernible  for  at  least  two  diameters  of  the  sun.  The  rela- 
tive lengths  of  the  four  points  were  in  the  order  d,  b,  c,  a. 
The  rifts  in  the  corona  between  the  points  a,  c  and  b,  d  were 
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deeper,  or  extended  nearer  to  the  sun^s  limb  towards  the 
line  aft,  than  on  the  side  of  the  line  cd.  I  made  no  at- 
tempt to  observe  anything  except  the  form  and  appearance 
of  the  corona,  and  to  look  for  the  diffraction  bands  before 
and  after  totality.  The  sketch,  No.  3,  was  made  in  camp  at 
Liegan  on  the  morning  of  Jan.  2d.  It  would  be  difficult  if 
not  impossible  to  represent  the  corona  as  it  really  appeared. 
In  color  it  was  a  very  light  soft  yellow,  with  a  greenish  tint. 
The  points  of  the  corona,  especially  the  lower  right  hand 
point,  seemed  to  extend  out  into  long,  luminous  hairs,  which 
appeared  to  float  in  space.  There  was  a  gradual  decrease 
of  light  from  the  limb  of  the  sun  to  outer  limits  of  the 
corona.  Referring  to  sketch  (No  2),  there  was  no  sharply 
defined  outline,  except  a  part  of  line  ab.  Lines  ab  and  cd 
should  be  a  little  nearer  or  quite  parallel,  by  widening  the 
space  between  a  and  c  and  narrowing  the  space  between 
h  and  d.  The  lines  across  diagram  and  about  the  eclipse  are 
intended  to  represent  very  light  -cirro-stratus  clouds,  nearly 
all  other  parts  of  the  sky  being  clear.  The  approach  and 
recession  of  shadow  was  not  clear  cut  or  well  defined.  The 
light  faded  gradually  into  dull  twilight  and  vice  versa. 
Diffraction  bands  were  not  noticed  before  totality,  but  were 
sharply  defined  for  four  or  five  seconds  after  third  contact. 
They  were  without  perceptible  onward  motion.  They  ap- 
peared like  the  quivering  light  cast  upon  a  wall  by  innumer- 
able wavelets  upon  nearly  still  water  in  sunlight. 

**No  candle  was  necessary  for  the  reading  of  ray  watch  or 
to  make  the  drawing  during  totality.  Two  small  red  promi- 
nences were  seen  by  the  unaided  eye.  The  corona  was  not 
visible  before  second,  nor  after  third  contact.  Times  of  ob- 
servation by  Professor  Friend ;— 1st,  OA  29m  05 As  Jan.  1st, 
1889;  2nd,  Ih  Slni  16.3s;  3rd,  lA  53ni  00.3s;  4.th,  Sh  09m 
38.4s.  Professor  Friend  concurs  in  the  foregoing  which  I 
have  written.    Very  respectfully,  Trenmore  Coffin." 

Reno,  Nev.,  Jan.  25, 1889. 

Gen.  C.  W.  Irish,  Director  of  Eclipse  Observation  Party: 

Sir  :  I  have  the  honor  to  report  to  you  the  result  of  my 
part  in  the  observation  of  the  total  eclipse  of  the  sun  on  the 
Ist  inst.,  at  Liegan,  Cal.  I,  by  your  direction,  took  charge 
of  the  Darlot  single- view  lens  and  camera.    The  glass  was 
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eighteen  inches  back  focus,  and  was  about  three  inches  in 
diameter,  with  a  maximum  stop  opening  one  inch  in  diame- 
ter. It  was  provided  with  two  stops  of  smaller  diameters, 
but  all  the  work  upon  the  total  phase  was  done  with  the  full 
opening  of  one  inch.  I  was  assisted  in  the  work  at  the  cam- 
era by  Professor  McN.  Miller,  who  changed  plates  for  me 
and  managed  all  that  part  of  the  work,  while  I  made  the 
exposures  and  counted  the  times  of  the  same  by  the  second 
hand  of  my  watch.  Attached  is  a  tabular  statement  gi\-ing 
the  history  of  each  plate.    It  is  as  follows : 


Pbotogrnpliic  Fla 

Chron  Ttiiit 
Plate      li.i.<..u« 
No.            BcKsn. 

7  1   "2  01 

8  1  l«  +6 

9  1  21  02 

10  :  4.7  ifi 

11  I  51  13 
\2         1  SI  2f* 

13  I  52  02 

14  1  53  58 

15         

es  Exposed  by  /.  IV.  MolTat.  C.  E..  and  Protesso 
Mt\.  Miller  with  the  Darht  Lens. 

Time 

EiiioBni.                          Rcmork*. 

Insl.        Viewnfohservntion  of  ground!, 
fartial  phag«  covered  by  douds. 
Partial  phase,  gimd  detinilU-e. 
Shows  tBD-shnpcd  light.                  ^^ 

4  Kc.      Totality.                                      ^H 

Totality.                                          ^B 

5  "           Totality:  jaiTcil  during  ei|K>sttiq^B 

Not  exposed.                                              .. 

5  '■          Cnnght  br  (un  at  end  of  totality  awI^S 
Imt.        SameanNo.  10. 

Sun  oovered  by  i-ery  thin  clouda. 

16 
1ft 
20 
21 

1  53  01 

1  58  01 

2  22  47 
2  50*8 
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All  the  plates  used  daring  the  observation  of  the  eclipse 
were  '*  Seed's,  sensitometer  No^  26/'  and  wene  developed  by 
myself  and  Professor  Butler,  who  will  give  description  of  the 
developer  used.  It  is  a  weaker  one  than  is  generally  used 
upon  these  plates. 

I  would  draw  your  attention  to  the  peculiar  fan-shaped 
liS^ht  shown  by  Nos.  10  and  19,  each  of  which  were  exposed 
within  four  and  five  minutes  of  totality.  No.  10  before  and 
No.l9  after  that  event.    Respec  tfully  yours, 

Jas.  W.  Moffat,  C.  E. 

Gen.  C.  W.  Irish^  Director  of  Nevada  Eclipse  Observation 
Part  J : 

Sir  :  I  take  much  pleasure  in  reporting  to  you,  in  conjunc- 
tion with  Mr.  Moffat,  the  results  of  our  photographic  work 
on  the  recent  edipse,  Jan.  Ist,  1889. 

The  following  table  shows  a  history  of  the  plates  which  I 
exposed  at  the  time  of  total  observation,  using  a  Suter  lens, 
Swiss  make,  No.  3  of  the  doublet  form,  3-inch  full  opening  of 
the  front  combination,  and  16  inches  back  focus.  It  was 
supplied  with  three  stops,  but  I  used  the  full  opening  of  3  in- 
ches during  the  work  upon  totality.  I  made  the  exposures 
and  timed  them  by  counting  (mentally)  the  seconds. 

It  was  a  happy  conception  of  yours  to  experiment  with 
the  cameras  and  lenses  by  making  exposures  of  some  plates 
sighted  upon  Mount  Rose  fifteen  miles  away  after  sunset, 
and  the  stars  had  shown  themselves  in  the  evening  twilight ; 
upon  development  of  these  trial  plates,  the  mountain  ridge 
and  slopes,  together  with  the  figures  of  the  pine  trees,  came 
out  clear  cut,  and  this  with  an  exposure  of  only  five  seconds, 
with  lull  aperture  of  the  lenses.  The  developer  used  upon 
the  trial  and  eclipse  plates,  was  that  of  Professor  Newton, 
** standard  dry  pyro,"  as  follows:  One  ounce  carbonate 
soda,  dry,  one  ounce  carbonate  potash,  dry,  one  ounce  sul- 
phite soda,  dry,  ten  ounces  of  water,  six  grains  of  pyro,  dry, 
put  into  four  ounces  of  water  and  dissolved,  to  which  add 
two  drams  of  the  alkali  solution.  The  mixture  makes  suf- 
ficient developer  for  a  5  x  8  plate. 

I  think,  General,  that  we  may  congratulate  ourselves  upon 
having  attained  such  perfect  results,  photographically,  of  all 
the  phases  of  the  eclipse,  while  using  the  rude  and  hastily 
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improvised  stand  and  appliances,  fashioned  frora  material 
found  upon  a  desert  waste.  In  conclusion,  I  have  to  say 
that  all  the  plates,  whether  shutter  or  cap  exposures,  show 
images  which  come  out  quite  \ngoroush"  during  develoji* 
ment.  The  cap  exposures 
made  during  totality 
with  open  lenses,  though 
so  variously  timed,  obey- 
ed the  retiuirements  of 
development  easily,  and 
without  any  forcing  or 
prolongation  of  time  or 
patience. 

The  asis  of  the  plat- 
form on  which  was  fas- 
tened the  cameras  in  use 
was  soarranged  that  the 
Dnrlot  lens,  being  placed 
over  the  pivot  about 
which  the  whole  apparn- 
s  revolved,  showed 
I  less  movement  and  dis- 
turbance, from  the  jar- 
ring incident  to  removing 
and  replacing  the  plate 
holders  in  tjie  cameras, 
than  did  the  Suter  lens, 
which  was  fjftther  away 
from  said  pivot.  I  would 
I  infer  fromthis. that  every 
i:amera  in  suchuseshould 
have  its  own  separate 
support. 

The  following  is  a  tab- 
ulated statement  of  the 
plates  esposetl  by  mc.    I 
took  no  photographs  of 
partial  phases,  having  no  drop  shutter  to  my  lens. 


1  31  IG 

1  31  *i 

1  52  OH 


Excellent,  good  diffinition. 

Shows  si^s  o(  jar  during  «x|>osure. 

Badly  jnrred. 
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Xo.  of 
Plate. 

'    Chron.    Time  fiz> 
Time.        poMd. 

Remarks. 

36 
37 

38 

n    m      m 

1  52  22       5  sec. 
1  52  44       3     * 
1  53  01       2    •* 

1 
Caught  by  end  of  totality ,  excellent  definition. 

Sincerely  yours, 

Professor  E.  P.  Butler. 

In  preparing  for  photographic  work  upon  the  eclipse  I  was 
ably  seconded  by  Professor  Butler,  whose  long  experience  in 
the  lights  and  shadows  of  the  mountains  of  California  and 
Nevada  was  a  training  much  needed  for  such  work.  He 
cheerfully  consented  to  assist,  and  together  we  made  experi- 
ments with  the  two  lenses  selected  for  our  work,  by  expos- 
ures of  ^*  Seed's  plates^'  after  sunset  at  times  selected  by  my- 
self, at  which  the  darkness  of  receding  twilight  was  first  a 
little  brighter  than  I  had,  in  former  experience  with  total 
eclipses,  observed  the  light  on  such  occasions  to  be;  and, 
second,  when  the  still  fading  twilight  was  surely  a  shade  or 
two  darker.  To  this  end  I  selected  the  pine-covered  slopes 
of  the  Sierra  Nevadas,  distant  about  fifteen  miles.  The 
newly  fallen  snow  caused  the  black  pine  trees  to  stand  out 
boldly  in  relief  on  the  sides  of  the  mountain  known  as  Rose 
Peak. 

We  focused  the  cameras  carefully  upon  the  clouds  which 
hovered  over  the  mountains  in  bright  sunlight,  and  marked 
the  position  of  the  plate  carriers,  and  then  on  the  evenings 
of  December  27th  and  28th  preceding  the  eclipse,  we  pointed 
the  cameras  upon  the  mountain  selected,  and  at  twent^'-five 
minutes  after  sundown,  at  a  time  when  the  unaided  eye 
could  clearly  make  out  the  pine  trees  on  the  mountain  sides, 
made  exposures  with  the  medium  stops  of  five  seconds ;  at 
thirty-three  minutes  after  sunset,  exposures  of  ten  seconds, 
at  a  time  when  I  judged  by  the  eye  that  the  darkness  was 
about  as  we  might  expect  it  during  the  eclipse ;  and  again  at 
forty  minutes  when  the  pine  trees  had  lost  their  forms  to  the 
eye,  and  only  the  bulk  of  the  mountain  could  be  outlined 
upon  the  sky,  and  clouds  as  a  background.  At  this  time  we 
made  exposures  of  fi-om  five  to  ten  seconds,  with  full  open- 
ing of  lenses,  getting  negatives  which  not  only  gave  an  out- 
line of  the  clouds  and  mountains,  but  also  of  the  pine  trees 
on  the  darkly  shadowed  slopes.    The  figures  of  the  pines  are 


clear  cut.  showing  that  our  cameras  could  catch  forms  in  a 
light  so  weak  that  the  eye  altogether  failed  in  the  attempt 
to  make  them  out.  1  fouad  bycomparison.ou  the  day  of  the 
eclipse,  that  the  darkness  was  just  about  equivalent  to  the 
forty  minutes  after  sundown  experiment. 

I  here  give  the  four  field  sketches  made  at  the  time  of  the 
eclipse,  and  a  photograph  from  negatives  nmde  by  each  of 
the  lenses  used :  A  by  the  Darlot  and  B  by  the  Suter.  The 
figure  of  the  moon  in  photograph  A  shows  the  same  cres- 


ccntic  reflection  as  I  saw  it  to  have  in  the  telescope,  which 
enabled  me  to  see  the  moon  before  the  second  contact  and 
after  the  third.  Not  one  of  the  negatives  by  this  lens  shows 
more  than  a  suspicion  of  the  presence  of  the  red  promincnoes, 
while  in  every  one  by  the  Suter  they  strongly  appear.  We 
were  very  kindly  treated  by  the  people  of  Liegan,  and  owe  a 
debt  of  gratitude  to  E.  Crest,  Esq.,  Manager,  and  J.  M.  Ful- 
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ton,  Superintendent,  and  to  Mr.  L.  F.  Warner,  Chief  En- 
^neer  of  the  N.  C.  &  O.  Rv.  Co.,  for  transportation  and 
other  help  furnished  the  expedition,  without  which  we  could 
not  have  succeeded. 


THE  CARLETON  COLLEGE  ECLIPSE  PARTY. 


A  brief  report  of  the  work  of  the  Carleton  College  observ- 
ing partj  made  Jan.  1,  1889,  may  be  given  at  this  time. 
The  party  consisted  of  Professors  Payne,  Pearson  and  Wil- 
son. The  instruments  taken  were,  a  six-inch  reflecting  tele- 
scope, kindly  loaned  to  the  party  by  Mr.  C.  E.  Crane,  of 
Owatonna,  Minn.,  a  zenith  telescope  of  2M  inches  aperture, 
also  loaned  to  Carleton  College  by  John  Bidwell,  chief  en- 
^ncer  of  the  Department  of  Dakota,  Fort  Snelling,  Minn., 
a  chronometer,  an  aneroid  barometer  of  sensitive  pattern 
for  mcasnring  altitudes,  fine  thermometers  and  a  variety  of 
photographic  apparatus. 

The  route  of  the  party  to  the  Pacific  Coast  was  over  the 
Chicago,  St.  Paul  and  Kansas  City  Railway,  and  the  Atchi- 
son, Topeka  and  Santa  Fd  Railway.  We  were  surprised  and 
delighted  to  find  the  new  Kansas  City  line  so  complete  in  all 
its  appointments,  for  the  comfort  and  pleasure  of  those  who 
traTcl  by  it,  although  its  main  line  is  not  3'et  completed  to 
Kansas  City.  This  new  route  has  quickly  come  to  the  front 
and  is  one  of  the  best  equipped  for  passenger  service  in  the 

West* 

Froin  St.  Joseph,  Mo.,  to  San  Francisco,  California,  we 
were  on  the  Santa  Fi  cars  without  change.  In  this  justly 
famous  route  we  found  many  things  to  admire;  chiefly  the 
attention  and  politeness  of  the  employes,  and  the  excellent 
eating  houses  for  the  whole  length  of  the  line,  furnished  by 
the  company,  under  one  management,  which  is  the  finest  ar- 
rangement of  the  kind  we  ever  saw.  The  sight-seeing 
aflforded  by  this  route  was  a  continual  round  of  pleasure 
not  soon  to  be  forgotten.  The  idea  that  an  ordinary 
traveler,  not  choosing  a  Pullman  car,  may  step  into  a  rail- 
way coach  and  not  necessarily  leave  it  again  until  he  set 
foot  on  the  pier  at  Oakland,  California,  is  one  of  the  marvels 
of  modem  trans-continental  travel  which  it  is  difficult  to 
realize  until  one  has  experienced  it. 
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In  this  connection  it  is  a  great  pleasure  to  mention  the 
thoughtful  interest  and  the  liberal  courtesies  in  the  way  of 
free  transportation  in  the  interest  of  science  furnished  by 
President  Wni.  B.  Strong,  of  the  Atchison.  Topeka  and 
Santa  P^  Railway  Company,  President  Stiekney  and  General 
Manager  Egan,  of  the  Chicago.  St.  Paul  and  Kansas  City 
Company,  and  also  the  generous  offers  of  like  favors  by 
President  J,  J.  Hill  and  General  Manager  A.  Manvel  of  the 
St,  Paul.  Minneapolis  and  Manitoba  Company.  We  further 
delight  to  speak  of  the  great  personal  kindness  of  Mr,  Chas. 
S.  Hulbert,  of  Minneapolis,  a  member  of  the  Board  of  Trust- 
ees of  Carleton  College,  who  generously  paid  the  bills  of  the 
party,  thereby  not  onlymaking  so  expensive  and  delightful  a 
trip  pr>ssible  to  us.  but  also  giving  us  an  opportunity  to  ob- 
serve for  the  first  time  a  total  solar  eclipse,  the  grandest  ce- 
lestial phenomenon  within  the  reach  of  mortal  eyes. 

The  place  chosen  by  our  party  for  observation  was  Chico, 
California.'  This  is  a  city  of  seven  thousand  inhabitants,  in 
the  Sacramento  valley,  east  of  the  river  bearing  the  same 
name,  about  eighty  miles  north  of  the  city  of  Sacramento. 
The  particular  point  selected  for  mounting  the  instruments 
was  on  the  famous  ranch  of  the  Hon.  John  Bidwell,  32.+7 
chains,  with  bearing  S.  32°  45'  W.  from  comer  of  sections 
22.  23,  27  and  36,  and  on  N.  E.  H  of  section  27,  T.  22.  N.  R. 

1  E.   Mt,   D,  M,,   variation   of  needle  Iwing  17°  east.     The 
survey  was  made  by  Engineer  M.  T,  Brown,  of  Chico, 

The  telescopes  were  mounted  Dec.  28  and  29,  and  were 
ready  for  observation  on  the  evening  of  the  29tb,  but  clouds 
so  continually  interfered  that  but  a  single  opportunity  \vns 
found  for  taking  time  and  obtaining  the  approximate  lati- 
tude of  our  place.  As  thus  roughly  obtained  our  position 
was: 

Latitude  =  39"  43'  56"  N. 
Longitude  =  Sb  Im  27.5s  West  of  Greenwich. 

We  were  greatly  favored  by  the  kindness  of  the  general  of- 
ficers  of  the  Western  Union  Telegraph  Company  resident  at 
San  Francisco  and  Sacramento  in  the  free  use  of  the  Lick  Ob- 
ser\-atory  time  signals  for  five  days  preceding  and  includ- 
ing January  1.  By  this  means  it  was  possible  to  know  the 
error  of  our  chronometer  very  closely.    The  morning  of  Jan, 

2  was   not    altogether  favorable,  yet  there  were  hopefu 
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signs,  though  at  10  o'clock  a  •heavy  bank  of«clouds  in  the 
west  caused  our  party  to  feel  more  doubtful.  The  last  com- 
parison of  the  chronometer  with  the  noon  Lick  time  signal 
was  made  and  we  hurried  to  our  instruments  to  be  ready 
for  the  first  contact.  The  four  contact  obsefvations,  in 
Pacific  standard  time,  were  as  follows : 

Contacts  observed  by  W.  W.  Payne, 
Zenith  Telescope  2!4  inches  aperture,  power  106. 

h    m     •  h    m    8 

First  contact 12  24  31      Thirdcontact Not  observed 

Second     "      1  4^  20      Fourth     *•      , 3     7  57 

Times  of  contact  observed  by  H,  C.  Wilson, 

h    m     •  Instrument. 

First  contact 12  24  30.5  6-inch  reflector. 

Second      "     1  48  20  1%-inch  finder. 

Third        "     150  15  1%-inch  finder. 

Fourth     ••     3  08  02  6-inch  reflector. 

The  eye-piece  employed  with  the  6-inch  reflector  gave  a 
magnifying  power  of  45,  that  with  the  finder  about  15. 

The  chronometer  used  was  by  Bond,  and  numbered  374. 
It  was  placed  at  a  convenient  distance  from  the  observers, 
that  the  counting  of  time  might  be  distinctly  heard  b\'  all. 
Mr.  H.  H.  Camper  of  Chico  did  this  service  for  the  party  in 
a  clear  voice,  for  the  entire  period  of  totality. 

As  before  said,  late  in  the  forenoon  of  the  day  there  was 
some  promise  of  a  fair  opportunity  for  obser\'ing  the  eclipse, 
and  at  fifteen  minutes  after  one  o'clock  we  felt  sure  of  first 
contact.  A  few  minutes  later  a  vigorous  call  of  **  time  "  from 
the  observers  at  both  telescopes,  at  an  interval  of  one-half 
.second  apart,  was  the  beginning  of  the  important  record. 
In  five  minutes  more  the  sun  was  covered  by  a  large,  dense 
cloud,  that  had  a  very.depressing  influence  on  our  party,  for 
it  did  not  seem  possible  that  such  a  thick,  slow-moving  mass 
could  pass  by  the  sim  in  the  short  space  of  twenty  minutes, 
the  computed  time  for  the  beginning  of  totality.  The  mo- 
ments following  were  long  and  painful,  and  the  growing  dis- 
appointment pictured  in  every  countenance  was  plainly  vis- 
ible. However,  at  1:45  there  was  a  sudden  breaking  away 
of  the  clouds  in  the  immediate  vicinity  of  the  sun  that  was 
very  surprising  to  the  thoughtful  observer.  If  this  uncover- 
ing of  the  face  of  the  sun,  at  the  time,  had  been  known  to  be 
miraculous,  it  could  not  have  been  more  joyfully  surprising 
to  the  writer.    Two  minutes  more  and  the  thin  crescent  of 
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the  sun's  eastern  limb  hung  on  the  black  moon  like  a  silver 
thread,  its  southern  cusp  broken  into  two  parts  which  trem- 
blingly linger  for  an  instant  and  then  disappear.  The  sight 
in  the  telescope  was  Iwautiful  beyond  all  anticipation. 

In  searching  for  the  phenomena  attending  the  third  con- 
tact, its  time  was  not  noted.  The  sudden  disapi>earance  of 
the  sunlight,  the  bursting  forth  of  the  corona  with  its  four 
long  and  distinct  streamers,  the  effort  necessarj'  to  sketch 
an  outline  of  the  same,  and  view  its  interior  structure  in  ihe 
telescope,  were  the  thoughts  occupying  our  minds  in  the  113 


precious  seconds  of  time  allotted  for  these  things.  The 
photographic  work  of  the  party  was  given  to  Professors 
Pearson  and  Wilson,  and  illustrations  of  part  of  the  some 
are  given  herewith  with  explanation  by  Professor  Pearson 
as  follows : 

"  The  instruments  used  in  the  photographic  observations 
were  a  6-uich  reflecting  telescope,  a  2V2-inch  projecting  lens 
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f  of  about  7  inches  focus,  and  a  couple  of  Rochester  t 
Lcarnring  a  one  inch  rapid-working  Darlot  lens  and  a  Roch- 
^csterlene,  and  supplied  with  5x8  Seed  plates,  No,  26.     To 
T  the  ui>per  part  of  the  reflector  was  fitted  a  wooden  support, 
F' one  arm  of  which  carried  the  plate  holder  for  the  telescope 
while  the  other  arm  bore  the  projecting  lens  fitted  into  a 
box  which  was  arranged 
for  receiving  4x5  plate 
liolders.    The  axis  of  the 
I  projecting  lens  coincided 
Lvith  that  of  the  reflector, 
so  that  when  the  linage 
I'as    upon    the    crossed 
.ires  of  the  finder  of  the 
large  l«lcscoi>c  it  was  in 
.  the  axis  of  each  instru- 
ment. 
"  The  reflector  was  fur- 
I  nished  with  an  equatori- 
al mounting  so  that  the 
proper  motion  could    be 
given   b_v  a   turn   of   the 
I  hauil.     The  plate  holder 
of  the  reflector  consisted 
of  an  outer  square  case, 
within  which  rotated  n 
I  hexagonal    box.  each  of   ' 
whose    faces     was     fur- 
nished with  a  4x5  plate. 
Before  and  after  totality 
I  this  holder  gave  way  to 
a  holder  fitted  for  instan- 
taneous exposures. 

".\  5x8  Seed  plate  No. 
20,  given  a  short  expos- 
ure with  the  Darlot  lens 
at  the  time  of  first  eon- 
».^d  as    ip.innnnit.  ii-in<hn^flrci',r,         ^^^^^  shows  the  sun  and    ' 

^H  ihe  neighlKiringskv  covtred  with  light  clouds  whose  general 
^KArift  wa8  to  the  cast  and  south-east.     Occasional  instanta- 
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with  the  large  telescope  up  to  the  time  of  second  contact  as 
rifts  in  the  clouds  afforded  opportunity.  The  images  upon 
the  most  of  these  negatives,  while  sliowing  well  the  advance 
of  the  moon,  were  more  or  less  obscured  by  clouds.  The  un- 
certainty concerning  the  intensity  of  the  coronal  light  ot 
course  rendered  necessary  as  wide  a  range  as  possible  of  ex- 
posures during  totality.  To  the  image  of  the  reflector  re- 
ceived througli  the  side  of  the  tul>e,  exposures  of  five  and  six 
seconds  were  first  made  upon  Seed  plates  No,  26,  then  of 
seven  seconds  upon  a  Seed  plate  No.  22,  then  successively  of 
eight  seconds  upon  a  Seed  26,  often  seconds  upon  a  Seed  22, 
and  oT  twelve  seconds  upon  a  Seed  2<i.  It  was  found  that 
the  effort  to  maintain  the  motion  of  the  instrument  would 
jar  the  plates,  so  that  attention  was  confined  to  brinjfbi 
the  image  of  the  moon  to  the  axis  of  the  telescope  io  1 
tervaU  between  exposures.  This  of  course  resulted  to  I 
ciderl  drift  of  the  image  upon  the  plates  during  the  lai 
exposures. 

"The  intensity  of  the  coronal  light  was  underc 
which  apfiears  to  have  been  the  case  quite  generally, 
course  the  shorter  exposures  and  the  slow  plates 
best  results.    The  most  satisfactory  picture,  so  far  : 
in  the  corona  is  concerned,  was  obtained  from  the  project! 
lens  by  an  exposure  of  one  secohd  through  the  unstuu 
lens  upon  a  Seed  plate  No.  26. 

"Exposures  of  50  and  GU  seconds  upon  Seed  plates  Nol 
in  the  5x8  cameras  of  course  show  aver  exposure  at  f' 
point  of  the  drifting  image. 

"The  clearing  of  the  sky  a  few  minutes  before  totalitr 
afforded  a  fine  opportunity  for  photographic  as  well  a» 
observational  work.  And  the  continuance  of  this  condition 
after  totality  resulted  in  a  satisfactory  set  of  viewn  of  the 
remaining  phases  of  the  eclipse." 

Free-hand  sketches  of  the  corona  were  made  by  Messrs. 
Co3ter,Brown  and  McGann.  of  Chico.  who  kindly  consentctl 
to  assist  our  party  in  this  particular,  and  whose  work  was 
very  creditable,  and  will  be  embodied  in  the  fuller  report  oi 
the  party  that  will  be  published  some  time  during  the 
summer. 

The  following  sketch  is  bv  Dr.  H.  C  Wilson,  and  the  ex- 
planation of  it  is  given  in  his  own  wordif.  as  follows: 
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"  My  sketch  of  the  corona  was  drawn  frtiin  memory  irnme- 
[  dtatdy  after  totality.  As  I  was  occupied  with  the  photo- 
LfTApIiic  apparatus, guiding  the  6-inch  reflector.  I  could  spend 
I  Terj-  little  time  in  looking  at  the  corona  with  the  naked  eye.  . 
[  The  impression,  however,  which  I  received  in  the  few  seconds 
I  snatched  at  intervals  between  exposures,  was  a  very  vivid 
Lone.  My  first  thought  at  the  moment  was  that  the  corona 
#iras  very  Hke  theTrouvelot  drawing  of  1878,  but  differing  es- 


pecially in  the  polar  rays  which  were  curved  and  pointed,  in-  i 
stead  of  straight  and  spreading  as  in  theTrouvelot  drawing. 
These  polar  rays  impressed  me  so  forcibly  that  I  have  doubt- 
less niiidc  them  too  conspicuous  in  my  drawing.  I  had  no 
time  to  count  them,  so  that  the  number  sketched  is  a  mere 
estimate.  The  broad  bands  extending  to  the  east  and  west 
were  each  divided  at  a  short  distance  from  the  moon's  edge 
into  two  faint  streamers  which  reached  out  to  a  distance  of  | 
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two  or  more  diameters  of  the  moon,  I  may  have  been  con- 
fused as  to  the  direction  of  the  two  broader  ones  of  these 
streamers  from  the  fact  that  I  was  looking  most  of  the  time 
through  the  finder,  which  inverted  the  image.  The  up|)er 
streamer  to  the  right,  as  seen  with  the  naked  eye.  was,  I  am 
certain,  decidedly  curved  upward  near  its  extremity.  Three 
rose-colored  prominences  were  visible  in  the  finder  during 
the  greater  part  of  totality.  I  saw  the  inner  coronn 
through  the  finder  several  seconds  before  the  beginning  and 
after  the  end  of  totality,  although  a  thin  neutral  tint  shade 
was  used.  I  looked  carefully  to  see  the  projection  of  the 
moon  upon  the  corona  before  the  beginning  and  after  the 
end  of  the  eclipse,  but  was  unable  to  see  it,  as  the  sky  wae 
slightly  hazy." 

The  outline  of  the  figure  given  below  was  made  by  the 
writer  during  totality  and  immediately  after  it.  The  time 
given  to  observing  it  was  divided  nearly  equally  between 
views  by  the  naked  eye  and  by  the  zenith  telescope,  mainly 
upon  the  inner  corona.  The  naked  eye  view  was  first  ia 
(irdcr.  Immediately  after  third  contact  the  corona  was  ex- 
amined an'I  the  three  longer  streamers  of  the  figure  were 
distinctly  in  view,  and  the  fourth  was  seen,  though  faint  m 
comparison  with  the  others.  ,\t  first  sight  the  Houthcm 
limits  of  the  two  lower  streamers  seemeil  to  make  one 
straight  line  outside  of  the  corona  proper :  but  the  northern 
limits  of  the  northern  pair  were  not  well  defined.  At  the 
middle  of  totality  the  streamers  seemed  to  be  wider  at  th«r 
bases,  more  extended  and  slightly  curved,  and  the  whole 
corona  larger  and  more  symmetrical  in  the  polar  regions. 
The  writer  thinks  that  a  considerable  portion  of  thcae 
changes  may  not  have  been  real,  but  rather  due  to  compell- 
ing the  eye  to  grasp  the  view  as  definitely  as  possible,  which 
could  be  done  better  after  a  few  seconds  of  steady  observa- 
tion, as  his  eye  is  not  very  sensitive  to  faint  details  such  as 
these. 

After  a  few  seconds  of  attention  to  the  sketch,  the  tele- 
scope was  turned  upon  the  inner  corona  of  the  western  limb 
of  the  sun  to  search  for  Bailey's  Beads,  and  to  note  the 
structure  of  the  corona  in  the  few  seconds  of  totality  that 
remaine<I,  Beginning  in  the  base  of  the  upper  western 
streamer,  and  sweeping  to  the  sooth,  we  noted  the  phoio- 
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full  view  for  90°  to  tlic  south,  from  which  arose 
r  and  beautifnl  prominences ;  but,  knowing  that  we 
han  ten  seconds  of  time  left,  we  took  a  hasty  look 
at  the  corona  about  the  south  pole,  and  the  view  which  met 
our  eyes  there  was  beautifal  beyond  the  power  of  delinea- 
ion  or  expression.  The  view  as  n  whole  reminded  us  of  the 
ibwrvations  and  drawitigs  of  Professor  Lewis  Boss,  made 
,t  West  Las  Animas.  Colo..  July  29,  187S.  and  published  in 


the  v.  S.  Naval  Ohscrviiiory  Report  for  IMMO.  so  far  as  the 
tiiamcnts  about  the  S'jnth  pole  arc  concerned.  With  a  l>etter 
means  of  illustration  than  wc  now  have  at  hand  we  hope  in 
the  near  future  to  represent  more  fully  and  faithfully  whnt 
csaw. 

i  had  no  means  of  determining  ihe  light  of  totality, 

d  can  only  say  that  it  was  necessary  to  use  artificial  light 

o  carry  on  "ur  sketching,  and  that  the  young  men  before 

I  were  also  aided  in  the  same  way.    Another  physical 

of  iniere*t    was  noticed  during  the  progress  of  the 
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eclipse.    At  12:45  the  barometer  stood  at  30.13,  at  1:50  it 
read  30.03,  and  at  3:45  tlie  reading  was  30.13  again. 

The  members  of  our  party  remember  with  great  pleasure 
the  kindness  and  helpful  attention  given  them  by  the  Hon. 
John  Bidwell,  the  owner  of  that  magnificent  ranch  where  our 
observing  position  was.  and  the  interest  manifested  in  the 
success  of  our  observations  by  Editor  Chalmers,  of  the  Chico 
Enterprise,  Rev.  E.  Graham,  of  the  Presbyterian  church,  and 
Messrs.  Burroughs  and  Goodyear  and  many  other  friends 
whose  names  would  make  a  list  too  long  for  our  space  if 
given  here. 
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Note  on  Observations  or  Satam.  A  few  minutes  after  re- 
ceiving Krueger's  telegram  in  reference  to  a  white  spot  on  the 
rings  of  Saturn.  I  had  a  6Va-inch  reflecting  telescope  in  use 
to  look  up  the  phenomenon.  I  had  Iwen  observing  the 
planet  the  night  before  and  had  not  noticed  anything  pecul- 
iar save  that  the  shadow  of  the  globe  on  the  ring  was  ven,- 
clear  and  its  edge  sharply  defined.  The  definition  was  not 
nearly  so  good  on  the  night  of  the  13th,  but  at  times  wns 
good  enough  to  notice  a  whitish  "  tint "  on  the  rings  border- 
ing the  shadow,  which  I  should  say  was  certainly  the  effect 
of  contrast.  I  could  not  use  a  higher  power  than  200.  and 
as  the  definition  became  worse  rather  than  better  1  gave  it 
up  for  the  evening.  Saturday  evening,  the  16th,  looking  fine, 
I  went  to  the  Allegheny  Observatorj-  near  by,  and  with  Pro- 
fessor Vepi-  made  quite  an  extended    observation    on   the 
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planet  with  the  13-itich  equatorial.  Various  powers  were 
used  up  to  900,  the  atmosphere  being  quite  steady.  As  Pro- 
fessor Very  had  no  knowledge  of  the  phenomenon,  he  asked 
me  to  say  nothing,  so  as  to  leave  him  unbiased  in  his 
search  for  any  peculiarity.  After  using  powers  up  to 
about  600  he  concluded  he  saw  nothing  peculiar.  I  then 
told  him  where  to  look  and  what  to  look  for,  when  he  con- 
cluded he  could  see  an  apparent  whitening  on  the  border  of 
the  shadow,  but  like  myself  thought  it  was  due  to  contrast 
^vith  the  black  shadow  of  the  planet.  I  certainly  could  see 
it  with  all  powers  above  one  hundred,  though  I  am  not  cer- 
tain that  I  should  not,  in  an  ordinary  observation,  have 
set  it  down  at  once  as  the  effect  of  contrast.  But  the  ques- 
tion comes  in,  why  has  this  feature  not  before  been  delinea- 
ted? According  to  Webb,  Grover  has  seen  a  penumbra  to 
the  shadow,  but  here  we  have  just  the  opposite.  It  cannot 
be  of  a  like  character  with  the  white  spot  which  formed  and 
spread  out  over  the  globe  of  the  planet  in  1876,  and  from 
which  Professor  Hall  determined  the  time  of  revolution  of 
the  planet,  because  it  could  only  be  seen  next  the  shadow  at 
every  revolution  of  the  rings.  If  it  is  not  the  effect  of  con- 
trast it  might  be  explained  upon  the  basis  of  a  rapid  cooling 
of  a  vaporous  atmosphere  from  the  cold  upon  that  part  of 
the  ring  in  shadow ;  but  even  this  is  not  satisfactory  on  ac- 
count of  the  rapidity  with  which  the  rings  move.  At  any 
rate  observations  of  a  critical  character  on  such  phenomena 
are  always  of  value  and  interesting,  and  in  such  work  the 
earnest  amateur  may  make  himself  useful  in  the  domain  of 
the  "New  Astronomy." 

The  belts  on  the  planet  were  exquisitely  brought  out  on 
the  night  of  the  16th,  reminding  me  of  the  glorious  view  I 
had  of  it  two  months  since  in  the  36-inch  at  the  Lick  Ob- 
servatory, only  that  what  we  saw  here  in  the  13-inch  dimly, 
yonder  we  saw,  as  it  were,  **  face  to  face."  Never  shall  I  for- 
get that  sight  which  has  been  seen  by  few  mortal  eyes  as  we 
saw  it  at  Mt.  Hamilton.  j.  a.  brashear. 

Allegheny,  March  20, 1889. 


The  White  Spot  on  Saturn's  Ring,  recently  announced  by 
Terby  of  Belgium,  was  observed  at  this  Observatory  on  the 
eYemng  of  March  14th  both  by  Professor  Brooks  (who  was 
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m)' guest  on  that  night)  and  myself.  Inconsequence,  how- 
ever, of  its  faintness,  and  of  the  bright  moonlight  in  which 
it  was  viewed,  it  was  a  difficult  object ;  but  as  we  both  saw 
it  in  the  same  position  and  of  the  same  size  and  shape,  there 
could  be  no  doubt  in  the  mind  of  either  of  us  that  we  had 
seen  the  "spot,"  which  appeared  as  a  narrow  band  extend- 
ing across  both  outer  rings,  its  western  boundary'  being  in 
contact  with  the  black  notch  termed  the  shadow  of  the  bull 
on  the  ring. 

As  we  found  the  spot  in  the  same  place  as  at  discover^-,  it 
cannot  l>eIong  to  the  ring  itself,  as  the  latter  revolves,  and, 
so  doing,  would  cause  the  spot  to  l>e  neen  on  all  parts  of 
the  ring.  We  are  led,  therefore,  to  believe  that  the  phcnom- 
enon  must  he  produced  by  reflected  sunlight  from  the  globe 
of  the  planet,  though  in  just  what  manner  produced  we  arc 
not  able  to  determine.  i-Ewns  swtFT. 

Warner  Obsers-atory,  Rochester,  N.  V., 
March  16,  1889. 


The  "  White  Region  "  on  Saturn's  Ring,  nnnounccd  by  Dr. 
Terby,  has  lieen  well  seen  with  the  10-inch  equatorial  of  this 
observatorv-.  My  first  view  of  it  was  through  Dr.  Swift's 
16-inch,  while  on  a  brief  visit  in  Rochester.  Since  ray  re- 
turn home  I  have  given  it  very  careful  study  and  it  has,  at 
intervals,  been  a  comparatively  conspicuous  object.  My 
young  daughter,  Anna,  who  often  observes  with  me,  sees  it 
distinctly . 

The  brightness  appears  tf  me  to  be  variable.  Pulsations 
of  the  light  of  this  "  white  region  *'  have  been  noticed  at  ir- 
regular intervals,  ranging  ft^ora  two  to  seven  minutes,  its 
appearance  at  my  last  observation  was  that  of  two  small 
nearly  semicircular  white  "tufts,"  where  the  ring  is  cut  by 
the  shadow  of  the  globe.  wilmam  r.  brooks. 

Smith  Observatory,  Geneva,  N.  Y., 
March  19.  1889. 

The  Occtiltation  of  a  Star,  estimated  at  the  St^magnitude, 
by  the  dark  limb  of  the  new  moon  was  observed  by  me  on 
the  evening  of  March  6.  Disappearance  of  the  star  was 
taken  at  3/i  lira  17s  local  sidereal  time.  The  dark  limb  of 
the  moon  was  verv  distinct  and  steady,  but  the  star  did  not 
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disappear  at  geometrical  contact,  but  seemed  to  sink  into 
the  body  of  the  moon  fiiUy  three  of  the  star's  diameters,  and 
disappearance  did  not  occnr  until  two  seconds  after  geomet- 
rical contact.  WILLIAM  R.  BROOKS. 

Smith  Observatory,  Geneva,  N.  Y., 
March  19, 1889. 


EDITORIAL  NOTES. 


Our  space  is  so  largely  given  to  eclipse  reports  this  month 
that  almost  all  matters  of  a  miscellaneous  kind,  including 
the  planet  notes,  must  be  deferred  until  the  next  issue. 

We  received  too  late  for  use  in  the  article  bv  Hon.  C.  W. 
Irish,  some  fine  drawings  of  the  corona  as  seen  at  Liegan, 
Cal.,  by  his  eclipse  party,  Jan.  1,  1889. 


White  Region  on  Satum^s  Rings,  Harvard  College  Ob- 
servatory announced  by  telegraph,  March  13,  that  Terby 
had  seen  a  white  region  on  Saturn's  rings  against  the  globe 
shadow. 

Although  the  observers  at  Carleton  Observatory  have  ex- 
amined Saturn's  rings  with  the  Clarke  eight-inch  refractor, 
on  four  different  evenings,  in  fairly  good  viewing,  with  care, 
nothing  has  been  seen  of*  unusual  character.  There  is  the 
appearance  of  a  lighter  color  near  the  shadow  of  the  planet 
on  the  rings,  but  only  what  might  be  expected  from  con- 
trast. It  may  be  that  the  phenomenon  which  was  first  re- 
ported by  Terby,  and  later  seen  in  America,  by  Swift, 
Brooks  and  McLeod,  is  too  faint  for  our  aperture.  We, 
however,  used  powers  200,  400,  and  800  with  ordinary 
results. 

International  Polar  Expedition.  We  are  in  receipt  of  Vol. 
II.  of  the  report  by  Gen.  A.  W.  Greele^',  on  the  Proceedings  of 
the  United  States  Expedition  to  Lady  Franklin  Bay,  Grin- 
nell  Land.  This  volume  is  companion  to  the  one  published 
last  year,  and  completes  one  of  the  most  important  reports 
in  the  interest  of  science  and  discover}-  known  to  American 
history.  Though  that  heroic  part}-  of  explorers  suffered 
great  privations  and  the  loss  of  the  lives  of  several  of  its 
members, «  record  has  been  made  that  is  truly  international 
in  character. 
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Fauth  &  Company s  Small  Telescopes.  We  have  recently 
learned  that  Messrs.  Fauth  &  Company,  Washington,  D.  C. 
have  made  arrangements  with  the  Clarks  of  Cambridge  to 
supply  them  with  objectives  for  telescopes  ordered  of  them 
in  the  future.  We  also  notice  that  this  company  are  to  give 
special  attention  to  the  mounting  of  small  telescopes  well 
adapted  to  the  wants  of  students  and  amateurs.  The  4-inch 
dear  aperture,  with  finder,  clockwork,  clamp  and  tangent 
movements  in  right  ascension  and  declination,  mounted  on 
tripod  or  iion  pillar,  as  preferred,  makes  a  very  useful  and 
comparatively  inexpensive  telescope.  Should  an  astronom- 
ical clock,  chronograph,  spectroscope,  or  even  a  wooden 
observatory  for  small  instruments  be  wanted,  these  well 
known  and  reliable  makers  of  precision  instruments  will 
certainly  not  disappoint  any  one  entrusting  work  to  them. 


South  Polar  Rars  of  the  Corona,  by  Mr.  Brashear.  After 
sending  his  brief  report  of  the  obser^'ations  of  the  January 
eclipse  made  at  Winnemucca,  Mr.  Brashear  had  the  kindness 
to  send  us  his  drawing  of  the  south  polar  rays  of  the  corona 
which  is  given  below : 


Conceniing  this  astonishing  phenomenon,  it  will  be  re- 
meml>ered  that  he  said  in  his  last  report,  that  his  sketch- 
ing arrangements  consisted  of  a  piece  of  plate  glass,  half  of 
which  was  finely  ground  and  the  other  half  left  plain,  the 
line  between  the  two  being  a  curve  representing  the  moon. 
This  made  a  splendid  sketching  plate  when  it  was  feebly 
illuminated  by  a  lamp  behind  it.  and  it  could  be  used  as  a 

fihotographic  negative  reproducing  in  white  the  black  linal 
ines.  The  figure  shows  something  of  the  detail  of  the  polar 
rays  and  two  beautiful  solar  protiitwrances. 
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THE  ASTRONOMICAL  THEO]f(Y  OF  THE  ICE  AGE. 


W.  H.  S.  MONCK.   DUBLIN,    IRELAND. 
For  Th«  Mbmbngbk. 

This  subject  has  perhaps  sufficient  interest  for  astronomers 
to  warrant  the  insertion  in  The  Sidereal  Messenger  of  the 
following  remarks  partly  suggested  by  Professor  McFar- 
land's  note  in  the  March  number.  At  the  outset  I  wish  to 
say  that  I  do  not  think  the  phrase,  *'  Astronomical  Theory," 
should  be  limited  to  that  of  Dr.  Croll.  Besides  including  the 
counter-theory  of  Mr.  J.  J.  Murphy,  that  phrase  is  also  wide 
enough  to  include  the  theory  which  makes  the  sun  a  vari- 
abk  star  of  long  period.  This  period  I  suspect  will  prove  to 
be  mtich  less  than  200,000  years.  The  Ice  Age  may  not  im- 
jvobably  have  occurred  not  more  than  20,000  years  ago,  in 
-^wUch  case,  of  course,  both  Croll  and  Murphy  would  be  put 
.cwt  of  court.  The  best  test  of  this  is  the  .amount  of  post- 
^i^flcial  erosion,  of  which  the  Americans  have  a  magnificent 
jaMUUfde  in  the  falls  of  Niagara. 

5  I  .fbink,  however,  that  neither  Dr.  Croll  nor  Mr.  Murphy 
IlKTC  ever  stated  the  problem  in  its  general  form  —  much  less 
4rttenipted  to  solve  it.  It  is  admitted  that  during  the  period 
-when  the  earth's  orbit  was  most  eccentric  the  total  heat  re- 
oehred  from  the  sun  in  each  year  was  not  diminished,  but  in 
fact  slightly  increased.  And  (subject  to  the  qualification  to 
be  made  hereafter)  the  same  remark  is  true  of  every  locality 
on  the  earth's  surface.  The  problem  therefore  is :  Supposing 
the  total  heat  to  be  constant,  what  distribution  of  it  is  most 
favorable  to  the  formation  of  a  permanent  snow  cap  or  ice 
cap?  Without  stating  the  problem  generally,  Dr.  Croll  vir- 
tually replies :  The  best  arrangement  is  that  which  gives  an 
nnder-supply  of  heat  for  the  longest  time  and  an  over-supply 
for  the  shortest ;  while  Mr.  Murphy  replies :  The  best  arrange- 
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ment  is  that  which  gives  the  longest  duration  to  the  over- 
supply,  and  the  shortest  to  the  under-supply.  (The  words 
" over-supply  "  and  "under-supply"  refer  to  a  supply  in  ex- 
cess or  defect  of  the  mean.)  It  is  essential  to  both  theories 
that  time  should  enter  as  a  factor  into  the  problem;  and 
in  one  sense  it  is  obvious  that  it  does  so.  What  I  in- 
tended to  convey  by  ray  former  remarks  in  The  Sidereal 
Messenger  (and  I  think  I  expressed  my  intention  with  sufli- 
cient  clearness),  was  that  time  is  not  an  independent  factor 
in  cases  where  the  total  annual  heat  is  constant.  Uqbe  the 
amount  of  heat  received  in  the  unit  of  time  and  Q  the 
amount  received  in  the  year,  then  q,t,  —  ¥iQ.  and  q,t,  =  ^3  Q 
where  q^,  q.,  are  the  mean  heat  of  summer  and  winter  re- 
spectively, and  t,,  tj,  the  lengths  of  the  summer  and  winter 
respectively ;  and  the  quantities  Q  and  t,  -|- 1,  are  both  con- 
stant according  to  Croll.  Time  is  thus  a  factor  which  is  in- 
variably associated  with  another  factor  that  varies  inverse- 
ly as  the  time,  and  the  element  that  we  have  really  to  con- 
sider is  the  product  of  the  two  factors,  which  is  constant. 
If  Professor  McFarland  places  a  block  of  ice  at  the  tempera- 
ture of  32°  F,  on  a  surface  whose  temperature  is  kept  con- 
stant at  33^  F,  he  will  find  that  the  amount  of  ice  melted 
at  the  end  of  an  hour  is  exactly  equal  to  what  would  be 
melted  in  a  minute  if  the  surface  temperature  was  kept  con- 
stant at  92"  F. 

The  problem  of  the  formation  or  melting  of  a  sno^v  cop 
or  ice  cap  is  not  statical  but  dynamical,  and  the  quantity  of 
heat,  not  the  temperature,  is  primarily  to  be  looked  to.  If 
we  desired  that  a  given  quantity  of  heat  should  melt  the 
maximum  amount  of  ice,  we  would  endeavor  as  far  as  pos- 
sible to  keep  it  from  raising  the  temperature  of  the  air  or 
other  surrounding  objects.  But  Dr.  Croll  and  his  followers 
seem  to  me  to  forget  the  equivalence  of  heat  and  work, 
owing  to  which  heat  must  always  be  employed  either  in 
raising  the  temperature,  in  melting  ice.  or  in  doing  both ;  the 
same  quantity  of  heat  always  performing  the  same  amount 
of  work.  Dr.  Croll,  for  instance,  insists  on  Tyndall's  state- 
ment that  a  joint  of  meat  could  be  roasted  while  the  sur- 
rounding air  was  as  cold  as  ice;  but  did  Tyndall  ever 
say  that  a  joint  of  meat  could  be  roasted  where  a  block  of 
ice  could  not  be  melted?    Or  that  rays  powerful  enough  to 
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melt  pitch  would  fail  to  produce  any  effect  upon  ice  ?  Croll  is 
no  doubt  right  in  sajring  that  if  India  was  covered  with  an 
ice  cap  the  summers  would  be  cold.  But  why?  Simply  be- 
cause most  of  the  summer  heat  would  be  employed  in  melt- 
ing the  snow  and  ice.  The  low  temperature  would  be  due 
to  the  rapidity  of  the  melting.  When  it  is  once  admitted 
that  the  total  quantity  of  heat  received  from  the  sun  in  each 
year  at  the  period  of  greatest  eccentricity  is  as  great  (or 
rather  a  little  greater)  than  at  present  the  question  arises : 
How  is  it  possible  that  this  equal  quantity  of  heat  proves 
insufficient  either  to  melt  the  winter  accumulation  of  snow 
or  to  raise  the  summer  temperature  above  the  present  level  ? 
— ^for  Dr.  Croll  and  his  followers  will  not  allow  it  to  have 
either  eflSect.  The  total  effiect  in  the  two  departments  must 
be  the  same  as  before,  on  the  principle  of  the  conservation  of 
energy,  but  Dr.  Croll  apparently  ascribes  to  it  a  diminished 
effect  in  each  department.  Many  of  Dr.  CroU's  arguments 
on  this  point  may  be  retorted.  Is  the  air  clear  and  dry? 
The  result  is  favorable  to  the  theory,  according  to  Croll,  be- 
cause the  temperature  of  the  air  is  not  raised.  Is  the  air 
moist  and  foggy?  The  result  is  equally  favorable,  in  his 
opinion,  because  the  incident  heat  is  absorbed  by  the  air 
and  does  not  reach  the  snow  and  ice.  But  in  the  former 
case  it  might  be  replied  that  the  incident  heat  produces  its 
maximum  effect  in  melting  because  none  of  it  is  exhausted 
in  raising  the  temperature  of  the  air ;  and  in  the  latter  case, 
that  since  the  absorbed  heat  raises  the  temperature  of  the 
air,  the  cold  will  not  be  as  great  as  Dr.  Croll  supposes.  But 
any  view  which  takes  in  only  one-half  of  the  subject  is  mis- 
leading, whether  it  is  Dr.  CrolFs  half  or  the  other  half. 

I  do  not  deny  that  there  may  be  special  cases  in  which  Dr. 
Croll  is  correct,  as  also  special  cases  in  which  Mr.  Murphy  is 
so.  What  I  deny  is  that  either  of  them  has  stated  or  solved 
the  problem  in  its  general  form.  If  we  take  a  locality  well 
supplied  with  moisture,  in  which  the  annual  heat,  if  uni- 
formly distributed,  would  keep  the  temperature  constant 
at  28®  or  30®  F,  an  uniform  distribution  of  this  heat  would 
be  favorable  to  a  permanent  finow  cap.  The  snow  could 
never  be  melted  though  it  might  be  slowly  evaporated,  and 
snow  usually  falls  in  the  greatest  profusion  when  the  tem- 
perature is  not  much  below  freezing  point.    An  unequal  dis* 
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tribution  of  heat  would  be  necessary  to  clear  off  the  snow- 
cap  during  any  portion  of  the  year,  however  short,  and  I 
think  there  can  be  little  doubt  that  a  sufficiently  unequal 
distribution  would  enable  the  ground  to  be  cleared  of  snow 
for  a  few  days  or  weeks  in  summer.  Indeed,  if  the  winter 
was  very  short  but  intensely  cold,  such  a  summer  clearance 
would  be  almost  certain.  On  the  other  hand  if  the  supply 
of  heat  was  sufficient  to  produce  an  uniform  temperature  of 
34-^  F,  I  doubt  whether  a  (lermanent  snow  cap  could  be  pro- 
duced; but  without  an  unequal  distribution  of  temperature 
there  could  not  i>e  even  a  temporarj-  one. 

There  are,  I  think,  but  two  of  Dr.  Croll's  arguments  which 
are  worthy  of  consideration  by  scientific  men,  for  his  talk 
about  long  cold  winters  and  short  hot  summers  is  evidently 
intended  for  ordinary  readers  only,  who  are  likely  to  over- 
look the  principle  of  compensation  by  which  length  is  a,I- 
ways  attended  with  feebleness, and  shortness  with  intensity. 
These' arguments  are:  1.  Snow  and  ice  are  good  reflectors  of 
heat, 'and.  therefore,  when  a  snow  cap  is  once  formed  the  in- 
cident heat  is  practically  reduced,  inasmuch  as  a  large  pro- 
portion of  it  is  reflected  back  into  space  without  doing  any 
terrestrial  work.  2.  The  northern  and  southern  regions  at 
present  receive  large  quantities  of  heat  from  the  equatorial 
regions  by  means  of  ocean  currents  and  air  currents  (Croll 
seems  to  regard  the  latter  as  unimportant);  but  when 
northern  or  southern  ice  caps  were  formed  these  currents 
would  be  diverted,  and  the  glaciated  regions  would  thus  be 
deprived  of  a  considerable  part  of  the  heat  which  they  now 
receive. 

To  commence  with  the  latter  argument,  it  presupposes  the 
validity  of  some  of  the  others;  for  the  cause  of  the  diversion 
of  the  ocean  currents,  according  to  CroII,  is  the  increasing 
coldness  of  the  region  from  which  they  are  diverted.  Thus 
suppose  the  northern  region  to  be  the  colder  one,  the  ocean 
currents  would  be  diverted  towards  the  south,  and  thus  in- 
tensify the  northern  cold  by  diminishing  the  supply  of  heat 
from  the  equator.  It  is  evident  that  this  reasoning  would 
not  hold  good  if  the  main  agent  in  producing  ocean  currents 
is  the  diflcrence  of  temperature  between  their  extremities. 
The  cause  of  ocean  currents  is  still  under  debate,  but  for  the 
present  purpose  I  will  assume  it  to  l)e  what  Dr.  Croll  sap- 
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poses.  The  winter  being  coldest  when  the  eccentricitj'  is 
greatest,  and  the  earth  is  at  aphelion  in  winter  there  will 
therefore  at  this  period  be  a  southern  diversion  of  the  ocean 
currents  during  the  w^inter.  But  what  of  the  ensuing  sum- 
mer? If  it  is  likewise  hotter  (as  it  ought  to  be  from  the 
greater  quantity  of  heat  received  in  the  same  time),  there 
will  be  a  counter  diversion  of  the  ocean  currents  to  the 
north  which  might  not  impossibly'  break  up  snow  caps  and 
ice  caps  that  remained  undisturbed  so  long  as  the  ocean  cur- 
rents oscillated  within  narrower  limits.  At  all  events  the 
summer  heat  will  be  as  much  increased  by  the  northern  di- 
version as  the  winter  cold  by  the  southern  diversion,  and  the 
prospects  of  a  permanent  snow  cap  increasing  from  year  to 
year  are  in  no  way  improved  by  the  change. 

Assuming  the  quantity  of  heat  received  in  the  year  to  be 
unaltered,  the  mean  temperature  of  the  year  will  not  be  af- 
fected by  the  formation  of  snow  and  ice  so  long  as  the  sum- 
mer heat  suffices  to  melt  the  winter  accumulation.  The  fall 
of  temperature  is  as  much  checked  by  the  formation  as  the 
rise  is  checked  by  the  melting.  But  in  order  that  the  accu- 
mulation of  snow  and  ice  should  increase,  the  mean  temper- 
ature of  the  year  must  be  raised ;  for  the  fall  of  temperature 
is  more  checked  by  the  formation  than  the  subsequent  rise  is 
checked  by  the  melting.  And  if  the  accumulation  of  snow 
and  ice  diminishes  during  the  year,  the  temperature  must  be 
below  the  mean ;  for  the  rise  of  temperature  is  more  checked 
by  the  melting  than  the  fall  is  checked  by  the  formation. 
Consequently  if  it  is  the  mean  temperature  of  the  year  that 
fixes  the  mean  ]x>sition  of  the  ocean  currents,  this  mean  tem- 
perature will  be  above  the  average  when  the  snow  and  ice 
are  increasing,  and  the  mean  position  of  the  currents  will  be 
farther  north  than  before.  I  do  not,  of  course,  affirm  that 
this  was  actually  the  case  when  the  snow  caps  and  ice  caps 
were  forming.  I  only  sav  that  it  is  what  must  have  oc- 
curred if  Dr.  Croll  is  right  in  maintaining  that  there  was  no 
decrease  in  the  total  heat  received  in  each  j^ear  during  the 
formation.  If  so,  the  mean  temperature  must  have  increased 
during  the  formation  of  the  ice  caps  and  diminished  during 
their  dismpation.  Dr.  Croll  will  perhaps  find  a  confirmation 
of  this  view  in  the  fact  that  (according  to  Mr.  Ferrel)  the 
mean  temperature  of  the  Antarctic  regions,  where  there  is 
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at  present  a  winter  aphelion  and  a  partial  glaeiation,  » 
higher  than  that  of  the  Arctic  regions  at  equal  latitudes  — 
a  result  which  Dr.  Croll  accepts. 

It  only  remains  to  consider  the  loss  of  heat  by  reflection 
from  the  surface  of  snow  and  ice.  I  doubt  whether  this  is 
considerably  greater  than  the  reflection  from  the  same  sur- 
faces when  fi-ee  from  snow  and  ice.  Oliservations  and  sta- 
tistics on  this  subject  are  highly  desirable,  and  in  fact  they 
seem  to  me  to  be  the  only  way  in  which  Dr.  Croll's  theory 
can  be  proved.  The  differences  between  the  reflecting  powers 
of  different  substances  diminish  as  the  angle  of  incidence  in- 
creases, and  we  are  dealing  with  regions  where  the  ang]e  of 
incidence  is  always  large.  The  surfaces  of  snow  and  ice, too. 
often  Ijecome  covered  with  impurities  which  seriously  dimin- 
ish their  reflecting  power.  The  question,  however,  is  one 
which  I  leave  experimentalists  to  deal  with,  merely  calling 
attention  to  it  as  the  turning  point  of  the  theory.  On  other 
points  it  maybe  said  that  Dr.  Croll's  theor>' would  work  ad- 
mirably  if  more  heat  was  absorbed  in  melting  snow  and  ice 
than  is  given  out  in  forming  them;  but  the  equivalence  of 
these  two  quantities,  together  with  the  constancy  of  the 
total  annual  heat,  seems  to  me  fatal  to  it.  For  those  who 
desire  to  pursue  the  subject  I  desire  to  refer  to  Dr.  Haugh- 
ton's  researches  on  radiant  heat  recently  published  by  the 
Royal  Irish  Academy.  Dr.  Haughton's  results,  though  not 
arrived  at  with  any  controversial  object,  appear  to  me  to  l«e 
very  unfavorable  to  the  views  of  Dr.  Croll. 


AUTRONOMY  IN  THE  UNITED  STATES.'* 
T.  H,  8AFFOR0,  Pii.  I'. 


In  the  quarter  century  which  elapsed  between  the  first 
ginning  (1836)  of  our  Observatory  and  the  outbreak  of  the 
civil  war,  American  astronomy  had  made  great  progress. 
The  work  of  an  astronomer  involves  certain  professional 
habitsof  care  and  accuracy,  whether  he  be  chteflyan  observer 
or  a  calculator;  and  an  abstract  mathematician  does  not  al- 
ways make  the  best  practical  astronomer,  for  the  latter  must 
attend  to  certain  every-day  matters  which  the  former  soi 


I 


Astronomy  in  the  United  States.  199 

times  neglects.  The  best  cure  for  absent-mindedness  and 
day-dreaming  which  I  know,  is  to  observe  star-transits ;  for 
the  stais  are  extremely  punctual ;  if  the  observer  wanders  off 
into  regions  of  abstract  thought,  the  star  will  not  wait  for 
him,  it  is  always  in  its  proper  place  at  the  exact  second. 

Then,  there  are  mechanical  operations  to  be  performed 
which  sometimes  involve  a  good  deal  of  manual  labor;  and 
the  man  who  has  to  do  this  must  be  skilled  in  the  science ; 
even  the  subordinates  in  an  Observatory  need  education; 
they  must  have  a  good  deal  of  mathematics  at  their  finger's 
ends. 

One  great  advance  in  mathematics  during  the  present  cent- 
ury is  the  theory  of  the  errors  of  observation  which  we  owe 
to  Gauss,  and  which  shows  us  how  to  distinguish  between 
good  observations  and  bad,  and  even  between  blunders  and 
the  necessary  imperfections  of  our  senses. 

By  1861  this  country  had  acquired  what  I  may  call  a 
school  of  astronomers.  That  is,  there  were  manv  observa- 
tories, — public  and  private, — with  far  too  little  money  for 
their  maintenance  in  regular  activity,  it  is  true,  but  with  here 
and  there  an  observer  or  calculator  who  knew  how  to  use 
the  instruments  and  the  results  of  observation.  Any  young 
man  who,  like  Rittenhouse  or  Bowditch,felt  himself  impelled 
to  study  astronomy,  could  find  instructors,  and  after  suf- 
ficient training  could  usually  get  remunerative  employment. 
He  could  also  gain  the  ear  of  a  public  interested  in  such 
things ;  by  the  better  newspapers,  if  what  he  had  to  say  was 
of  a  ]x>pular  character ;  or  by  the  scientific  journals  of 
America  or  Europe,  if  he  had  something  new  and  original 
for  the  specialists.  There  was  also  an  astronomical  journal 
of  much  merit,  published  by  the  zeal  and  munificence  of  its 
editor.  Dr.  Gould. 

Some  of  the  early  achievements  of  our  astronomers  have 
been  of  permanent  use  to  the  science.  Of  these  the  most  im- 
portant are  the  two  connected  inventions, — the  chrono- 
^aph,  and  the  telegraphic  method  of  determining  longitude. 

The  chronograph  is  the  instrument  used  in  the  **  American 
Method  "of  ol>serving  transits.  It  is  practically  a  telegraph- 
ic ink-writer,  or  other  register;  connected  with  a  clock,  it 
marks  the  seconds  on  a  sheet  or  tape  of  paper;  and  the  ob- 
server, who  has  to  find  the  exact  time  of  any  astronomical 


200 


The  Sidereal  Messenger. 


phenomenon  has  simply  to  press  a  telegraph  key  near  his  in- 
strument, and  the  time  is  recorded.  Similar  instruments 
have  since  been  used  to  measure  the  speed  of  thought  and 
compare  one  man  with  another  as  to  quickness  of  apprehen- 
sion, or  willing;  so  that  astronomical  methods  have  thus 
been  introduced  into  psychology.  In  the  old  way  of  taking 
transits,  the  observer,  while  looking  through  the  telescope, 
was  obliged  to  count  his  time,  second  by  second  :  to  do  this 
without  mistake,  and  write  down  the  small  fractions  of  a 
second,  is  much  more  difficult  than  to  observe  by  the  Ameri- 
can method. 

Very  soon  after  Morse's  inventions,  and  the  establishment 
of  a  few  telegraph  lines.  Walker,  Loomis,  and  other  Ameri- 
can astronomers,  used  them  to  send  time  from  one  Obser^-a- 
toni"  to  another.  We  can  readily  see  that  by  the  earth's 
steady  motion  on  its  axis,  difference  of  time  is  equivalent  to 
difference  of  longitude;  twenty-four  hours  correspond  to  the 
whole  circuit  of  the  earth,  and  every  hour  to  fifteen  degrees. 
All  our  railways  are  now  run  by  Greenwich  time,  with  a 
change  in  the  whole  hours  only ;  thus  seven  o'clock  of  rail- 
way time  here  is  simply  twelve  o'clock  at  Greenwich ;  and 
our  trains  are  run  on  the  time  of  the  seventy-fifth  meridian. 

Before  this  system  could  be  inaugurated,  our  astronomers 
must  find  out  how  their  Observatories  were  situated  with 
respect  to  the  Greenwich  meridian;  or  at  any  rate  to  some 
meridian.  The  telegraph  was,  as  I  have  said,  first  employed 
in  America  for  this  purpose,  after  many  trials  of  other 
methods  had  been  made,  with  partial  success.  Before  the 
ocean  cable  was  laid,  the  position  of  Harvard  Observntorj- 
h^om  Greenwich  had  been  determined  with  great  care  by  the 
Bonds;  their  method  of  exchanging  times  was  to  seni 
great  many  ships'  chronometers  backwards  and  forwj 
between  England  and  America. 

Our  astronomical  progress  had  been  most  considerable  in 
those  branches  which  are  of  practical  importance;  but  yet 
there  were  those  who  gladly  took  hold  of  more  ideal  prob- 
lems. The  American  mind  is  peculiar;  partly  from  heredity, 
partly.  I  suppose,  as  influenced  by  the  greater  command  of 
circumstances  possible  in  a  free  country,  The  American  is 
ambitious  in  intellectual  things,  if  once  his  interest  is 
aroused;  and  he  frequently  cannot  reconcile  himself  to  take 
a  second  place. 
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A  striking  example  of  this  quality  is  seen  in  the  life  of 
Alvan  Clark,  the  great  optician,  who  has  lately  gone  from 
ns  at  a  ripe  old  age.  In  my  boyhood  I  met  him,  then  a 
modest  ]x>rtrait  painter  of  middle  age,  who  had  begun  to 
interest  himself  in  the  making  of  object  glasses,  and  to 
hope 'that  he  could  by-and-by  compete  with  the  German  op- 
ticians in  telescopes  of  moderate  dimensions. 

One  of  his  early  object  glasses,  of  half  the  diameter  of  the 
Cambridge  telescope,  is  that  belonging  to  the  equatorial  of 
the  Williams  College  Observatory,  given  by  that  constant 
friend  of  the  college,  Amos  Lawrence.  Mr.  Clark  did  not 
then  construct  the  machinery  of  entire  telescopes,  and  the 
motinting  is  by  an  inferior  mechanic,  and  not  very  good. 

It  was  not  long  before  Mr.  Clark's  reputation  increased, 
and  he  received  some  orders  from  England.    His  acquaint- 
ance with  the  English  amateur  astronomer  Dawes  gave  him 
opijortunity  to  learn  what  a  very  sharp-sighted,  careful  ob- 
server desired  in  his  object  glass, — for  Mr.  Dawes  was  ex- 
'tremely  critical, — and  he  was  finally  able  to  surpass  even  the 
<5erman  makers  in  the  precision  of  the  images  seen  in  his 
Xelescopcs.     At  this  ]x>int  he  was  assisted  by  liberal  capi- 
talists to  set  up  a  larger  establishment,  and,  with  his  sons, 
^o  enter  upon  telescope-making  on  a  greater  scale. 

His  first  great  telescope,  belonging  to  the  Chicago  Observ- 
atory, was  completed  in  1865;  the  object  glass,  larger  than 
^ny    then   existing,    had   been  made  several  years  before. 
From  that  date  until  his  death  in  1887,  he  was  activelj"  at 
work,  though  already  an  old  man ;  and  my  last  visit  to  him, 
two  years  ago,  was  made  in  his  workshop,  where  he  was 
busy  on  the  greatest  object  glass  now  existing,  one  of  more 
than  twice  the  diameter  of  the  Harvard  telescopes.    This 
£lass,  that  of  the  Lick  Observator>%  in  California,  was  pre- 
ceded by  one  which  gave  him  great  triumph.    He  had  dis- 
placed his  competitors'  instruments  in  America,  wherever  in- 
<^r*cascd  dimensions  were  called  for;  but  the  great  Imperial 
Ol>8crvatory  of  Russia,  at  Pulcova,  near  St.  Petersburg, 
'^'v^as  in  the  market  for  such  an  instrument. 

The  Stmves,  father,  sons  and  grandsons,  have  long  been 
*^«iown  as  among  the  most  careful  observers.  But  the  pres- 
^*-«t  head  of  the  familv  became  convinced  that  in  his  own 
^IJccial  line  of  work  he  needed  a  more  ]x>werful  telescope ; 
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and  what  he  learned  of  the  performance  of  the  Clarks* 
glasses  led  htm  to  give  them  the  order  for  the  optica!  part  of 
the  instrument.  The  mechanical  portion  was  made  in  Ham- 
bnrg.  by  the  Repsolds,  who  are  the  greatest  mechanicians  of 
the  world,  the  makers  of  our  fine  meridian  circle. 

The  last  twenty-five  years  have  brought  much  material 
advancement  to  the  science  in  this  country.  It  is  hardly 
possible  to  go  deeply  into  it :  in  many  respects  it  is  a  repeti- 
tion of  the  earlier  history.  Obser\'atories  have  been  founded 
in  new  places. sometimes  with  means  for  their  main  tainancc. 
at  other  times  without.  Some  of  the  older  ones  have  re- 
ceived large  accessions  of  invested  funds,  and  have  thus  been 
enabled  to  do  more ;  this  is  notably  the  case  at  the  Har\'ard 
Observatun,',  which  has  been  given  the  handsome  forttines 
of  Robert  Treat  Paine,  the  amateur  observer  of  the  earlier 
time,  and  of  I'riah  Boyden.  an  inventor  of  turbine  wheels, 
who  had  been  greatly  aided  by  Benjamin  Petrce's  knowletl^ 
of  the  higher  mathematics.  Boyden 's  bequest  requires  the 
establishment  of  a  mountain  Observatory ;  bis  trustees  haiit 
placed  it  under  the  Harvard  management,  so  that  the 
mountain  observations  will  be  calculated  at  Cambridgc. 
The  ability  and  success  of  our  younger  astronomers  in  hand- 
ling deep  and  difficult  problems  have  l>een  proved  entirely 
adequate;  I  think  we  have  never  lacked  the  men,  bat  it  i» 
only  lately  that  they  have  found  education  and  encourage- 
ment. 

Many  able  astronomers,  too,  have  come  to  us  from  foreign 
countries,  among  whom  is  our  Nestor.  Dr.  Peters,  who  is 
w-ith  us  on  this  occasion.  I  dare  not  attempt  to  say  how 
many  small  planets  he  has  discovered  within  the  la»l 
quarter  of  a  century,  but  his  other,  work  has  been  enough  by 
itself  to  give  his  Observatory  a  high  reputation  both  at 
home  and  abroad. 

It  is  pretty  plain  that  the  public  mind  has  changed  its 
attitude  towards  astronomy.  We  now  find  more  general 
intelligence  on  the  subject;  more  disposition  to  believe  in 
astronomers ;  more  encouragement  to  those  of  them  who  arc 
still  stniggling  with  difficult  problems;  more  pride  in  their 
achievements;  European  scientists  now  come  occasionally 
to  see  what  is  doing  here;  the  profession  of  an  astronomer 
is  a  recognized  career. 
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What  then  shall  be  the  future  of  our  science  in  this  coun- 
try? 

Two  things  are  plain :  first,  that  the  great  benefactions  to 
colleges  help  all  sciences;  and  second, that  original  investiga- 
tion is  much  more  prominent  as  a  feature  of  college  work 
than  ever  before. 

We  have  giant  telescopes  enough  in  this  country;  Alvan 
Clark's  sons  will  doubtless  keep  up  the  supply  of  large  in- 
struments ;  but  we  need  to  look  at  the  science  a  little  more 
deeply  on  the  intellectual  side.  I  would  remind  you  that  our 
college  studies  are  largely  traditional;  that  astronomy, 
along  with  geometry  and  music,  was  one  of  the  studies  of 
the  old  Quadrivium,  and  that  perhaps  a  recasting  of  our 
courses  may  be  possible  and  beneficial. 

I  am  a  believer,  as  are  other  college  instructors  of  some 
eminence,  in  the  disciplinary  value  of  astronomy  as  an  inde- 
pendent study.  The  mathematics  have  their  value,  and  a 
very  high  one  it  is;  but  the  lower  mathematics,  especially 
arithmetic,  have  been  overdone  in  a  certain  direction;  I 
mean  that  of  riddles,  puzzles, — brain-spinning,  as  the  Ger- 
mans call  it.  While  our  boys  and  girls  are  given  problems 
to  solve  which  quite  exceed  their  thinking  powers — I  don't 
suppose  I  could  ever  have  gone  successfully  through  Green - 
leaf's  National  Arithmetic  till  I  had  graduated  from  college 
— ^their  minds  are  quite  undevelof)ed  in  the  power  of  observa- 
tion, and  they  are  often  imperfectly  trained  in  the  four 
ground  rules,  especially  in  decimal  fractions.  So  far  as  my 
own  experience  goes,  the  best  mathematical  training  is  that 
which  deals  with  tangible  objects ;  the  abstractions  should 
have  a  sensible  basis. 

I  would  then  have  the  .observation  of  the  common  phe- 
nomena of  nature  accompany  the  study  of  arithmetic  and 
geometry  in  the  common  schools.  The  pupils  should  learn 
to  watch  the  barometer  and  the  thermometer,  sunrise  and 
sunset,  the  phases  of  the  moon,  the  motions  of  clouds ;  they 
should  know  the  pole-star,  Ursa  Major,  Orion,  the  Pleiades, 
Leo,  the  Scorpion ;  should  learn  to  distinguish  between  the 
stars  and  the  planets,  to  watch  for  the  aurora  borealis,  to 
note  the  colors  of  the  rainbow.  The  high  school,  or  college 
preparatory  school,  should  always  have  its  telescope,  and 
some  simple  means  of  accurately  keeping  time;  a  few  no- 
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tions  of  scientific  astronomy  should  not  fail  to  be  inculcated. 

In  college,  the  professor  of  astronomy  should  have  time 
and  opportunity  to  interest  even  the  Freshmen  in  his  study; 
I  do  not  mean  that  he  should  give  them  formal  teaching, 
this  may  well  be  reserved  for  later  years.  But  he  should 
have  a  variety  of  instruments,  some  of  the  inexpensive  kind 
made  now-a-days,  for  gazing  purposes;  or  old  telescopes, 
out  of  fashion  for  observation,  so  that  one  or  another  of 
the  students  could  watch  the  heavens  for  himself.  Informal 
instruction  may  always  well  precede  the  more  formal;  and 
occasional  observatory-  evenings  with  interesting  objects 
could  lie  arranged,  so  that  a  good  part  of  our  classes  might 
enter  on  the  regular  study  of  the  science  with  some  distinct 
notions. 

To  introduce  the  work  I  have  described  into  our  comtfioa 
schools  will  take  a  long  time,  perhaps  a  generation.  But  it 
seems  a  waste,  when  we  open  any  mathematical  school-book 
and  find  in  it  so  much  that  refers  to  a  merely  imaginary 
world  ;  and  then  to  hear  from  business  men  and  college  pro- 
fessors that  all  this  training  leads  to  nothing  definite;  and, 
when  the  young  men  are  nearly  through  their  college  courec, 
to  find  them  unable  to  tell  the  points  of  the  compass  in  a 
strange  place,  or  even  in  their  own  college  town;  or  not 
aware  that  when  the  moon  is  full  it  rises  very  nearly  at  sun- 
set. 

The  colleges  have  begun  to  do  their  part  in  teaching  the 
teachers.  Courses  in  practical  astronomy  are  now  ^ven  in 
many  institutions :  the  instruments  can  be  used,  and  the  re- 
sults of  observation  calculated,  by  the  few  who  elect  this 
subject. 

It  is  more  difficult  than  it  ought  to  be  to  go  verj*  far  fai 
these  studies,  because  the  habit  of  applying  the  earlier  math- 
cmatics  to  tangible  objects  is  unformed.  The  young  man  m 
at  first  confused  when  you  tell  him  that  he  must  measure 
the  sides  or  angles  of  his  spherical  triangle.  He  has  alwajra 
thought  a  spherical  triangle  to  be  an  abstraction.  More- 
over, he  cannot  always  handle  even  his  arithmetic  W'ith  ia- 
cility ;  and  certainly,  again  and  again  I  have  found  mistakes 
in  difficult  calculations,  which  the  student  himself  could  not 
detect,  to  lie  in  carrying  wrongly  in  addition  or  suhtrnctiou, 

Aretum  to  nature  in  ourwhole  method  of  etlucation — even 
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in  the  elementary  teaching  of  Greek,  that  bugbear  to  some 
so-called  educators — ^is  now  actually  going  on ;  the  next  gene- 
ration win  reap  the  benefit.  Could  I  have  learned  Greek  and 
Latin  as  my  colleagues  are  now  teaching  them,  I  should 
have  had  many  more  interested  hours;  and  other  subjects, 
history,  biology,  physics,  are  now  taught  by  better  methods. 

The  college  Observatory  of  the  future,  in  this  country 
should  contain  a  good  many  moderate  instruments;  none 
very  gigantic,  but  some  of  that  handy  size  which  is  best 
adapted  to  advance  the  science.  A  giant  instrument  renders 
the  observer  helpless,  if  he  has  not  a  file  of  soldiers,  or  other 
servants,  to  help  him  move  the  machinery ;  one  which  he  can 
just  conveniently  handle  leaves  him  free  to  work,  and 
always  shows  him  objects  enough  to  observe.  If  he  have 
a  trained  eye,  that  in  itself  is  equivalent  to  an  increase  in  the 
size  of  his  instrument. 

I  hold  that  in  a  strong  college,  independent  work,  to  ad- 
vance the  science,  should  be  going  on ;  the  student  will  be 
benefited  by  the  closer  contact  with  realities  which  is  thus 
gained.  Moreover  the  teachers  themselves  can  better  be 
kept  from  rusting,  or  falling  into  a  treadmill  round ;  they 
can  be  in  the  current  of  scientific  thinking,  even  if  their  prob- 
lems be  modest.  But  along  with  the  best  instruments  to 
show  the  refinements  possible,  there  should  be  samples  of 
simpler  and  cheaper  ones,  partly  for  the  independent  work  of 
the  pupils,  partly  for  the  exploration  of  the  heavens  to  gain 
immediate  communion  with  nature  in  its  grander  aspects, 
partly  to  show  the  future  teachers  what  their  schools  can  af- 
ford- The  general  framework  of  mathematical  training 
will  gain  largely,  the  more  it  is  connected  with  modem  scien- 
tific applications,  and  thus  the  more  closely  it  is  conjoined 
with  nature. 

I  may  be  permitted  here  some  quotations  from  a  modest 
but  deep  thinker,  whose  little  work  Emerson  recommended 
Carlyle  to  read,  the  late  Sampson  Reed,  of  Boston.  The 
book  is  called  **  Observations  on  the  Growth  of  the  Mind.** 

Mr.  Reed  savs :  **  If  it  were  desired  to  make  an  individual 
acquainted  with  one  of  the  abstract  sciences,  this  might  best 
be  effected  by  leading  him  gradually  to  whatever  conduced 
to  the  growth  of  those  ]x>werson  which  a  knowledge  of  these 
sciences  depends ;  by  cultivating  a  principle  of  dependence  on 
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the  Divine  Being,  a  purity  and  chastity  of  the  affections, 
which  will  produce  a  tranquil  condition,  of  all  things  the 
most  favorable  to  clear  perceptions;  by  leading  him  to  an 
habitual  observation  of  the  relation  of  things,  and  to  such 
continued  exertion  of  the  understanding,  as.  calling  into  use 
its  ftill  powers  without  inducing  fatigue,  may  impart  the 
strength  of  the  laborer  without  the  degradation  of  the 
slave;  in  a  word,  by  forming  a  penetrating  mathematical 
mind  rather  than  by  communicating  mathematical  informa- 
tion. The  whole  character  and  complexion  of  the  mind  will 
thus  be  gradually  changed,  till  at  last  it  will  become  (chemi- 
cally speaking)  in  its  verj-  nature  an  active  solvent  of  these 
subjects."  This  return  to  nature,  in  our  teaching,  was  thus 
eloquently  recommended  in  1826;  it  is  gradually  becoming 
accomplished  in  the  scientific  studies  of  our  Iwtter  colleges. 

Astronomy  deals  with  immensity  of  space ;  who  can  con- 
ceive the  enormous  distances  at  which  the  stars  are  from  us  ? 
The  nearest  one  is  forty  millions  of  millions  of  miles  from 
us,  or  nearly  that ;  the  light  is  six  or  seven  years  in  coming 
from  it.  The  little  star  which  was  seen  to  blaze  out  in  1866 
may  really  have  burst  into  flame  before  the  discovery  of 
America  by  Columbus;  the  dim  cloudy  spots  which  we  sec 
in  so  many  places,  and  are  tempted  to  call  world-stuff  (nebu- 
lous matter  is  the  usual  name),  arc  so  far  that  no  human 
mind  can  do  more  than  guess  their  distance. 

It  will  be  well,  I  think,  if  we  can  interest  our  pupils — and  I 
do  not  mean  college  students  alone — in  the  contemplation  of 
the  heavens  as  well  as  in  the  scientific  study  of  their  motions 
and  phenomena;  if  the  telescope  can  )}ecome  an  indispensable 
piece  of  apparatus  tn  the  highest  school  of  any  locality,  even 
a  village.  This  study  should  go  hand  in  hand  with  the  or- 
dinary common  observations  of  the  nearer  things  around 


But  looking  back  over  the  last  half  century  of  scientific 
progress  in  America,  we  have  everj-  reason  to  be  hopeful 
for  the  future.  America  is  the  great  republic;  every  man  is 
bom  equal  to  every  other ;  if  the  bricklayer's  son  exhibits 
the  genius  of  the  centun.'  in  mathematics  he  needs  no  petty 
Grand  Duke's  favor,  but  will  be  recognized  and  helped  by  bis 
fellow  citizens  and  the  organizations  for  study  which  have 
grown  up  during  our  few  centuries;  while  the  experience  of 
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the  past  fifty  years  has  shown  that  these  organizations  will 
haye  an  unexampled  growth  in  the  next  fifty  years  so  far  as 
predictions  in  any  human  alBfairs  are  possible.  American  as- 
tronomers and  American  instrument  makers — few  indeed 
half  a  century  ago — are  now  known  by  reputation  and 
respected  in  the  whole  civilized  world. 

The  first  permanent  American  Observatory  is  still  stand- 
ing, to  show  by  its  modest  dimensions  how  great  a  growth 
has  been  possible  in  half  a  century. 


THE  DOUBLE  STAR,  f  HYDRAS. 
S.    \V.    BURNHAM. 


For  Tbb  Mbmbkgbs. 

In  measuring  this  pair  (2:1273)  at  Pulkowa  in  1860,  01' 
^^uspected  an  elongation  in  the  principal  star  in  a  vertical 
direction;  and  again  in  1864,  by  an  entirely  independent 
observation,  noted  an  apparent  elongation  in  the  direction 
of  190°.  With  this  in  mind  I  examined  it  in  1877-8  with  the 
Chicago  18V^inch  on  several  occasions,  and  always  found 
the  larger  star  round.  It  was  also  observed  by  Holden  and 
Hall  with  the  Washington  26-inch  in  1875,  and  a  new  com- 
panion of  the  14th  magnitude  discovered  at  a  distance  of 
2(y  from  A.  The  Struve  companion  was  measured  by  Halt 
in  1878, 1880  and  1883 ;  and  while  it  does  not  appear  that 
the  Washington  observer  specially  looked  for  the  suspected 
star,  doubtless  any  irregularity  in  the  figure  of  the  bright 
star  would  have  been  noticed.  In  April,  1888,  Schiaparelli, 
with  the  18-inch  refractor  at  Milan,  found  it  plainlv  elon- 
gated, and  measured  it  with  that  instrument  on  six  nights. 
Last  fiedl  I  turned  the  36-inch  on  it,  and  at  once  saw  the 
close  pair,  and  measured  it  with  a  power  (about  3300)  which 
fiurly  separated  the  components.  Subsequently  it  was  ob- 
aenred  again  with  the  same  instrument.  The  two  sets  of 
measures  are  as  follows : 

1888.28         P  =  142°.0       D  =  0".21        4  .  .  5.5       Sp    6n 
1889.04  154  .4  0  .26        4  .  .  6  /S       2n 

It  IS  quite  certain  that  this  will  prove  to  be  a  physical  sys- 
tem^  and  perhaps  one  in  rapid  motion.    It  must  be  at  all 
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times  a  difficult  object,  and  will  require  a  large  apertare  to 
properly  measure  it.  The  physical  relation  of  the  Strave 
component  has  long  been  established,  although  the  tnove- 
ment  is  comparatively  slow.  The  change  from  1825  to  1889 
amounts  to  about  33°. 

The  observations  do  not  cover  a  sufficient  period  to  show 
whether  or  not  the  distant  companion  is  a  member  of  this 
system.    The  following  are  all  the  measures: 
1878.33        P=193''.9        D=19".78        ..14        HI  In 
1878.60  192  .0  20   .05        .  .  12-13    ,5  2n 

1889.15  193  .5  19   .71        .  .  13  ^  In 

Altogether  this  must  be  considered  as  one  of  the  most  in- 
teresting star  systems,  and  worthy  of  the  attention  of  ob- 
servers having  telescopes  of  sufficient  power  to  satisfactori^ 
show  the  new  stars, 

Lick  Observatory,  March  14,  1889. 


METEOR  COMETS. 


I'BUN,  IRELAND. 


I 


That  comets  connected  with  any  well  sustained  meteor 
shower  must  be  periodical,  seems  pretty  evident,  and  that 
there  have  been  previous  visits  may  be  regarded  as  certain 
if  the  shower  can  be  traced  in  the  past.  Only  four  comets 
have  hitherto  been  connected  with  meteor  showers  with  any 
degree  of  certainty.  Of  these  four  the  history  of  Biela's 
comet  need  not  be  recapitulated.  The  period  of  the  Leonid 
comet  has  been  fixed  with  reasonable  certainty  at  between 
thirty-three  and  thirty -four  years,  and  it  has  been  5ho\%-n  to 
be  highly  probable  that  the  comet  of  13G6  was  a  previous 
appearance  of  this  comet.  The  shower  uo  doubt  existed  be- 
fore 1366  and  earlier  comets  have  been  identified  with  this 
meteor  comet  on  probable  grounds. 

The  question  therefore  whether  any  earlier  appearances  of 
thePerseid  orLyraid  comets  can  be  traced,  and  consequently 
their  periods  and  those  of  the  corresponding  meteor  showers 
fixed,  is  therefore  of  considerable  interest.  Both  comets 
were  fairly  bright  on  the  occasion  of  their  last  visits  and  art 
not  therefore  likely  to  have  escaped  observation  on  all 
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ous  occasions.  The  earlier  comets,  however,  have  been  but 
roughly  observed,  and  we  cannot  hope  to  discover  an\'thing 
like  exact  accordance  between  the  elements  of  the  meteor 
comets  in  question  and  their  predecessors.  Considerable 
differences  exist  between  the  elements  of  Halley's  comet  and 
those  computed  for  earlier  comets  which  were  almost  cer- 
tainly identical  with  Halley's;  and  differences  also  exist  be- 
tween the  elements  of  the  Leonid  comet  of  1866  and  those 
of  the  comet  of  1366  with  which  it  is  supposed  to  be  identi- 
cal. A  general  resemblance  in  the  elements  and  near  coinci- 
dence of  period  is  all  that  can  be  looked  for.- 

The  period  of  the  Perseid  comet  (Comet  III  of  1862)  has 
been  computed  at  123  or  124  years.  Adopting  this  period  I 
do  not  find  any  preceding  comet  which  resembles  it,  but  by 
increasing  the  assumed  period  to  131.3  years  or  there- 
abouts there  is  a  fair  general  resemblance  between  the  fol- 
lowing three  comets : 

r  i>  J  q  /i 

O  '  O  '  O  ' 

1337  •  2  20  93  1  -K)  28  0.828  — 
1+68  356  3  61  ">  +4  19  0.853  — 
1862  III  344  41    137  26     66  25     0.963   — 

Alternative  orbits  have  been  computed  for  the  first  and 
second  of  these  comets  which  in  some  respects  agree  better 
with  the  third  than  those  which  I  have  selected.  The  times 
assigned  for  the  respective  perihelion  passages  are  June  1337, 
October  1468,  and  August  1862,  so  that  the  interval  between 
the  second  and  third  is  almost  exactlv  three  times  that  be- 
tween  the  first  and  second ;  but  on  the  assumption  of 
identity'  I  find  no  trace  of  the  returns  of  the  comet  in  1600 
and  1731.  Four  more  periods  of  this  comet  (if  my  conjec- 
ture is  correct)  would  lead  back  to  the  year  A.  D.  813,  when 
a  comet  appeared  which  seems  to  have  exhibited  considera- 
ble traces  of  disruption  during  its  visit.  Possibly  this  dis- 
ruption may  have  been  the  origin  of  the  Perseid  meteors. 

The  Lyraid  comet  (Comet  I  1861)  was  computed  to  have 
a  period  of  about  415  \'ears.  The  meteors  (as  might  be  ex- 
pected from  the  length  of  the  period)  do  not  appear  to  be 
distributed  over  the  entire  orbit,  and  have  already  thinned 
out  to  a  large  extent.  A  great  displa\'  of  meteors  is  re- 
corded on  the  4th  of  April,  A.  D.  1095,  which  (allowing  for 
precession)  were  very  probably  Ly raids.  The  comet  must,  in 


this  case,  have  returned  in  or  about  the  year  1095,  and  the 
orbit  computed  for  the  comet  of  A.  D.  1097  is  in  many  re- 
spects similar,  save  that  Burckhardt  makes  the  descending 
node  of  this  comet  nearly  coincide  with  the  ascending  node 
of  the  Lyraid  comet.  I  would,  therefore,  suggest  that  this 
comet  has  ver>'  probably  a  period  of  382  or  383  years  in- 
stead of  415  as  computed,  and  it  appears  from  the  Chrowtt 
Bossiana  that  a  great  comet  appeared  in  September  l-t78, 
which  may  possibly  have  been  an  intervening  return. 

I  may  perhaps  note  that  the  perihelion  distances  of  all 
four  known  m«teor  comets  lie  between  0.9  and  1.0.  Mak- 
ing allowance  for  the  roughness  of  early  observations  the 
comets  of  1097,  1337  and  1468  agree  fairly  in  this  resiiect. 


^ 


SEVEBl.vrS  J     CORRIGAN 
For  TiiR  MeMGNOER. 

In  that  portion  of  my  paper  on  the  "Effects  of  Rotation," 
published  in  No.  72  of  The  Sidereal  Messengek,  I  ad- 
vanced the  hypothesis  that  the  axial  rotation  of  any  mem- 
ber of  the  solar  system  is  due  to  an  original  orbital  motion 
of  the  individual  particles  of  which  the  body  is  composed, 
around  a  common  "center  of  gravity,"  or  nucleus,  and  that 
the  angular  velocity  of  rotation  must  dej)end  upon  both  the 
original  orbital  velocity,  and  the  degree  of  ft-eedom  possessed 
hy  each  particle,  whereby  it  can  move  among  the  surround- 
ing matter.  It  is  obvious  that  the  degree  of  freedom  most 
depend  upon  the  number  of  resisting  particles  encountered 
by  the  moving  element  in  its  passage  through  any  given 
space,  and  since  the  number  dei^ends  upon  the  density,  it  is 
plain  that  the  "  time  of  rotation  "  must  be  some  function  of 
the  latter.  As  evidence  tending  to  establish  the  truth  of  this 
hypothesis,  there  was  tabulated  on  page  58  of  the  above 
named  number,  among  other  quantities,  the  rotation  period 
of  each  one  of  the  eight  principal  planets,  in  tern.s  of  chat  of 
the  earth,  and  also  the  square  root  of  the  density  of  each 
planet  relative  to  that  of  our  globe. 

For  the  sake  of  convenience  these  quantities  arc  again  set 
Jbrth  in  the  following  tabulation  : 
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Planet.                  i  J  j                  Planet.                 J              J              j 

Mercury 1.00  1.06  —0.06  Jupiter 0.41  0.49    —0.08 

Venus 0.98  1.02  —0.04  Saturn 0.44  0.36   +0.08 

Earth 1.00  1.00  0.00  Uranus 0.40  0.41    —0.01 

Mars 1.03  0.97  +0.06  Neptune Unknown.  0.40       

In  the  above  table,  column  1  contains  the  relative  rotation 
periods,  column  2  the  square  roots  of  the  relative  densities, 
and  column  three  the  differences  between  the  two  taken  in 
the  sense  1  —  2.  While  the  relation  between  the  quantities 
above  set  forth  is  remarkable,  yet  since  the  agreement  be- 
tween the  rotation  periods  and  the  square  roots  of  the 
densities  is,  in  any  case,  only  approximate,  it  furnishes  only 
presumptive  evidence  in  favor  of  the  hj-po thesis.  To  render 
this  relation  conclusive  proof,  it  must  be  shown  by  a  rigor- 
ous demonstration  that  it  is  not  a  mere  coincidence,  as  many 
readers  may  infer,  but  the  result  of  an  indubitable  law  of 
•'celestial  mechanics."  I  shall  now  endeavor  to  prove  the  ex- 
istence of  such  a  law.  The  proposition  to  be  demonstrated 
mav  be  stated  as  follows : 

The  relative  **time  of  rotation"  of  any  cosmic  body 
formed  by  the  congregation  of  J)articles  originally  independ- 
ent, moving  around  a  common  **  centre  of  gravit\%"  and 
subject  to  only  the  force  of  gravity  directed  toward  that 
centre,  must  be  equal  to  the  square  root  of  the  relative  den- 
sity of  the  body. 

If  we  regard  any  cosmic  bod^'  as  an  aggregation  of  par- 
ticles endowed  with  orbital  motion,  and  the  axial  rotation 
as   a  derivative  of  this  motion,  the  demonstration  can  be 
effected  most  readily'  b\'  considering  the  circumstances  of 
Motion  of  any  element  at  the  equatorial  circumference  of 
^lic  body.    Let  A  represent  the  angular  velocity'  of  rotation 
t:bf  this  element.  Tits  *'time  of  rotation,"  and  v  its  orbital 
Arclocity ;  furthermore,  let  M  denote  the  mass,  D  the  density, 
^^jid  k  the  unit  of  attraction  due  to  the  mass,  of  the  body  to 
Xivhich  the  element  belongs. 

It  is  to  be  distinctly  understood  that  all  of  the  above 
'Earned  quantities  are  to  be  regarded  as  only  relative,  the 
^c^orresponding  quantities  pertaining  to  the  earth  being  taken 
^us  the  respective  units. 

Now,  it  is  evident  that  if  the  particle  were  to  meet  with 
Xio  resistance,  its  angular  velocity  would  be  equal  to  the 
T>rbital  velocity,  and  that  this  relation  would  be  expressed 
\}y  the  equation. 
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A  =  v;  (1) 
but,  since  there  must  be  a  resistance  due  to  the  impeding  or 
retarding  action  of  surrounding  matter,'  which  indefinite 
resistance  wiU  here  be  denoted  by  i?,  the  angular  velocity 
will  also  be  inversely  porportional  to  i?,  and  we  will  have 
the  equation  A  =-^-,  or,  since  the  **time  of  rotation"  is  the 
reciprocal  of  the  angular  velocity, 

T=-^-.    (2) 

But,  as  shown  above,  the  resistance  is  equal  to  the  density 
Z>,  hence  results  the  equation, 

T=-^-.    (3) 

From  the  principles  of  "analytical  mechanics"  we  know 
that  the  relative  mean  motion  n  of  any  body,  great  or 
small,  moving  around  a  **  center  of  attraction,"  in  obedi- 
ence to  the  **law  of  gravitation,"  is  expressed  by  the  equa- 
tion, 

«  =  vi-,     (4) 

in  which  a  represents  the  mean  distance  of  the  body.  Since 
the  above  equation  holds  good  for  any  value  of  a,  we  may 
regard  the  body  or  the  particle  as  moving  in  a  circular 
orbit  whose  mean  distance,  a,  is  equal  to  r,  or  the  radius  of 
the  spherical  mass  to  which  the  particle  belongs ;  and  as  k  is 
equal  to  the  mass  Af,  equation  (4)  may  be  written  n  =  v->f- 
or,  since  in  a  circular  orbit  n  =  r,  we  may  write  the  follow- 
ing: v  =  V-^,  substituting  this  value  of  v  in  equation  (3) 
the  following  results, 

Since  the  density  of  any  spherical  body  is  proportional 
directly  to  the  mass,  and  inversely  to  the  cube  of  the  radius 
of  the  sphere,  the  relative  density  will  be  given  by  the  equa- 
tion, D  =  -]f .  From  this  we  see  that  the  denominator  in  the 
second  member  of  equation  (5)  is  equal  to  \D;  therefore 
that  equation  becomes, 

T=^^=VZ>,    (6) 

i,  e.,  the  ** relative  time  of  rotation"  is  equal  to  the  square 
root  of  the  **  relative  density,"  which  was  to  be  proven. 
The  existence  of  the  law  having  been  thus  demonstrated,- 
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there  arises  the  question,  to  what  cause  or  causes  can  the 
discrepancies  noted  in  column  3,  be-justly  attributed  ? 
Four  possible  causes  can  be  enumerated : 
First,  possible  error  in  the  determination  of  the  **time  of 
rotation  "  and  of  the  mass  and  radius  of  the  bodv,  the  two 
last,  of  course,  involving  the  density. 

Second,  the  retarding  action  of  an  accumulation  of  fluid 
matter  analogous  to  a  *'tide  wave,"  raised  upon  the  bod^- 
by  the  attractive  influence  of  neighboring  bodies. 

Third,  the  non-coincidence  of  the  centre  of  gravity  and 
that  of  figure.  • 

All  of  these  causes  ma\'  o|)erate  in  the  case  of  any  cosmic 
bod\',  so  that  the  discrepancies  shown  in  the  above  tabula- 
tion can  exist  without  casting  any  doubt  whatever  upon 
the  legitimacy  of  the  h\'pothesis  above  advanced. 

Since  the  rotation  periods,  the  masses,  and  the  radii  of  the 
principal  members  of  the  *' solar  system"  arc  known  quite 
accurateh',  the  first  named  cause  can  be  properly  charged 
with  only  a  very  small  part  of  the  discrepancies.    To  one  or 
both  of  the  second  and  third  causes  the  latter  are,  therefore, 
mainly  due.    An  example  of  the  operation  of  the  second 
cause  can  be  found  in  the  case  of  the  moon ;  the  densitv  of 
our    satellite   is   approximately   0.61    that   of  the   earth; 
therefore,   according  to  my  h^^pothesis,  the   relative  time 
of  the  lunar  rotation  should  be  equal  to  the  square  root 
of  this  relative  density,  or  to  0.78;  but  it  is  known  from 
observation  that  the  time  of  the  moon's  axial  rotation  is 
nearly  the  same  as  that  of  the  orbital  revolution,  or  nearly 
"twenty-seven  days,  instead  of  about  three-fourths  of  a  day, 
^he  determination  from  the  density.    A  part,  or  even  the 
>vhole  of  this  difference  can  be  attributed  to  the  operation  of 
^a.   •'tide  wave"  generated  in  the  originally  fluid  matter  of 
the  moon  bv  the  attractive  force  of  the  earth,  this  wave 
acting  as  a  break  opposing  the  rotational  movement  and  re- 
ducing the  "time  of  rotation "  to  nearly  equality  with  that 
of  the  orbital  revolution  of  our  satellite.    It  is  evident  that 
this  retarding  influence  must  depend  upon  the  mass  and  the 
distance  of  the  neighboring  body,  and  upon  its  time  of  revo- 
lution relative  to  the  rotation  period  of  the  retarded  body, 
and  it  is  also  obvious  that  the  maximum  effect  from  the 
second  cause  will  have  been  produced  when  the  time  of  rota- 


tion  has  been  made  thereby  equal  to  the  time  of  orbital  revo- 
lution. As  the  earth  has  acted  against  the  lunar  rotation, 
so  must  the  moon  have  affected  the  earth  through  the  orig- 
inally fluid  mass  of  the  latter,  Even  now  the  friction  of  the 
oceanic  "tide  wave"  is  recognized  as  a  cause  operating  to 
retard  the  "  diurnal  motion."  The  effect  of  the  action  of  the 
moon  upon  the  earth  must,  of  course,  have  been  very  much 
less  than  that  produced  by  the  action  of  the  earth  upon  icf 
satellite,  because  of  the  relative  sniallness  of  the  lunar  ma»>. 
Planets  having  satellites  are  particularly  subject  to  this  re- 
tarding influence,  but  all  are  more  or  less  affected  b^'  the  ac- 
tion of  the  sun  and  of  other  members  of  the  system.  The 
third  cause  may  he  effective  in  the  case  of  any  planet  or 
satelhte,  and  may  operate  even  against  the  snn's  rotation. 

There  is  a  fourth  and  very  important  cause  which  may' 
act  to  modify  the  relation  lietween  the  density  and  the  "time 
of  rotation,"  but  it  is  one  that  operates,  probably,  only  in 
the  case  of  the  sun.  The  sun's  relative  density  is  known  to  be 
0.25,  the  square  root  of  which,  or  0.5,  should,  according  to 
the  hypothesis,  represent  the  relative  solar  rotation  period; 
but  it  is  well  known  that  the  snu  rotates  upon  its  axis  once 
in  25.3  days,  instead  of  once  in  twelve  hours;  in  other 
words,  its  actual  "time  of  rotation"  is  nearly  fifty-one 
times  as  great  as  that  determined  theoretically  from  the  den- 
sity. It  may  seem  that  this  great  discrepancy  betwcea 
the  fact  and  the  theory  would  render  the  latter  untennl>1e. 
but,  in  reality,  such  is  not  the  case;  the  hypothesis  as  stilled 
above  is  founded  upon  the  condition  that  the  only  force 
in  action  is  the  centripetal  force  of  grarity  due  to  the  mass 
of  the  body  under  consideration. 

From  preceding  equations  the  following  are  casilv  dcduci- 
ble: 


Now  it  is  obvious  that  since  the  values  of  .V/,  r.  and  there- 
fore of  D,  are  quite  accuiatcly  known,  the  only  qusatity 
whose  value  is  in  doubt  is  k.  or  the  attractive  force.  It  i& 
true  that  when  gravity  is  unopposed,  k  is  equal  to  A/,  nnd 
the  relations  expressed  by  the  above  equation  hold  good; 
but  if  there  be  in  action  in  the  solar  matter  a  forct  dirvctly 
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opposed  to  gravitation,  but  whose  influence  does  not  extend 
to  the  bodies  of  the  **  solar  system  "  from  whose  movements 
the  value  of  A/ is  determined,  k  will  not  be  equal  to  M,  and 
although  the  values  of  the  mass  and  of  the  radius,  and,  con- 
sequently^  of  the  density',  be  accurately  known,  they  will  not 
give  the  true  relative  *'time  of  rotation"  through  equation 
(4).  The  diflFerence  between  the  value  of  T  determined  from 
the  densit\%  and  that  derived  from  observation,  will  be  a 
measure  of  the  force  acting  against  solar  gravity. 
If  we  consider  the  equation, 

D 


T  = 


V    ri' 


we  can  readily  see  that  if  we  should  use  that  value  of  k 
which  is  equal  to  A/,  and  which  is  determined  from  the  mo- 
tion of  the  earth,  the  resulting  value  of  T  would  be  0.5,  or 
one-half  a  day;  but.  as  above  stated,  observation  shows 
that  its  real  value  is  25.3  da^-s,  or  50.6  times  as  great  as  the 
theoretical  determination.    To  reduce  them  to  equality  it  is 
necessary  that  the  value  of  k  should  become  onh'  the  tjsVo 
of  its  value  due  to  the  mass.    Of  course  this  determination  of 
the  value  of  k  ma\'  be  too  large  because  T  may  be  aflFected  by 
one  or  all  of  the  three  causes  alreadv  mentioned,  but  as  the 
influence  of  these  is  probably  comparatively  small,  it  may  be 
permissible  for  the  purposes  of  illustration,  to  assume  that 
the  whole  difference  between  the  **time  of  rotation''  deter- 
uiined  theoretically  from  the  density,  and  that  revealed  by 
observation,  is  due  to  a  force  operating  in  the  solar  matter 
clircctly  against  gravity  and  reducing  the  latter  to  the  2^&(> 
Part  of  the  value  that  it  would  otherwise  have. 

This  h\'pothetical  antagonistic  force  may  be  either  the  ex- 
pansive action  due  to  the  tremendous  thermic  energy'  of  the 
^an,  or  a  repulsion  resulting  from  the  action  of  the  corre- 
lated force,  electricity',  or,  as  is  very  probable,  the  result  tns,y 
\>e  brought  about  by  the  operation  of  both  of  these  possible 
causes.    I  think  that  observation  furnishes  evidence  of  the 
existence  of  such  a  force.    It  is  known  that  **  terrestrial  at- 
traction" is  a  force  that  will  cause  a  bodv  near  the  surface 
of  the  earth  to  fall  towards  the  centre,  and  to  attain  a 
Velocity  of  about  thirty-two  feet  per  second,  this  velocity 
livhich  is,  in  the  case  of  the  earth,  denoted   by   g,    being 
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equal  to  k;  if  the  bod^-  be  not  free  to  fall,  the  restramt 
\vi\\  give  rise  to  the  pressure  called  weight,  and  in  the  case  of 
the  sun,  the  value  of  A  or  M,  determined  from  the  motion  of 
the  earth,  is  such  as  to  make  the  surface  gravitation  ahoat 
twenty-seven  times  as  great  as  '■  terrestial  gravity,"  i.e., it  is 
a  force  that  will  cause  a  body,  in  falling,  to  attain  a  velocity 
of  S72  feet  per  second,  and  to  weigh  twenty-seven  times 
what  it  woulil  upon  the  surface  of  our  globe,  A  volume  of 
matter  that  would  weigh  one  pound  here,  would,  on  the  suo, 
weigh  twenty-seven  pounds;  but  if  the  attractive  force,  re- 
presented by  k,  be  reduced  by  the  o^wration  of  the  antago- 
nistic force  to  the  7;^  part  of  the  value  due  to  the  mass,  it 
follows  that  the  above  mentioned  volume  of  matter  wooldi 
if  on  the  sun  and  free  to  fall,  attain  a  velocity  of  only  0.34 
feet  per  second,  and  would  weigh  only  „|^,-  of  a  pound,  in- 
stead of  twenty-seven  pounds.  As  before  stated,  this  value 
of  the  opposing  influence  may  be  too  great,  and  it  is  used 
simply  for  the  pui-pose  of  illustration;  but  it  is  evident  that 
the  existence  of  any  consider«6fe  force,  so  acting,  would  re- 
move  a.  great  difficulty  in  the  way  of  a  conception  of  cer- 
tain phenomena  transpiring  upon  the  sun's  surface,  and 
which  are.  otherwise,  very  puzzling.  I  refer  to  the  as- 
tonishingly great  degree  of  mobility  with  which  the  surface 
matter  of  the  sun  seems  to  be  endowed,  and  which  is 
evinced  by  the  opening  and  the  closing  of  spots  or  ca\-ities 
covering  millions  of  square  miles  of  the  sun's  surface,  and 
the  upheaval  of  vast  quantities  of  solar  matter,  lo  the 
height  of  several  hundred  thousand  miles,  in  a  space  of  time 
so  short  that  a  force  capable  of  producing  the  observed  ef- 
fects is.  judging  from  terrestrial  analogj-,  almost  inconceiv- 
able. 

Such  action  upon  the  sun  suggests  the  possibility  of  the 
existence  of  a  force  acting  against  gravity  among  the  parti- 
cles of  the  earth's  atmosphere.  Living,  as  we  do,  at  the 
bottom  of  the  atmospheric  ocean,  it  is  impossible  that  we 
should  have  much  deBntte  knowledge  of  the  condition  and 
properties  of  the  upper  portion  of  the  gaseous  envelope 
which  surrounds  the  earth,  for  the  greatest  elevation  «>,xr 
attained  or  attainable  by  man,  and  even  the  highest  stratum 
capable  of  sustaining  a  cloud,  lie  far  below  the  upper  limit; 
yet  we  know  that  the  atmosphere  is  a  mechanical  mixttirt 
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of  gases,  and  that  a  distinctive  prppert\'  of  a  gas  is  expan- 
sive force.  Such  a  force  operating  in  the  surface  matter 
of  the  sun  or  in  the  earth's  atmosphere,  would  render  both 
more  sensitive  to  the  disturbing  action  of  neighboring  bodies 
than  they  would  otherwise  be,  and  thus  the  possibility^  of 
the  agency  of  these  bodies  in  the  production  of  sun  spots 
and  atmospheric  disturbances,  as  claimed  in  m\'  paper  on 
"The  Effects  of  Rotation,''  published  in  Nos.  69,  70  and  72 
of  the  Sidereal  Messenger,"  is  the  more  easilv  conceivable. 
The  relation  between  the  densitv  and  rotation  is  intimate- 
ly  connected  with  the  conditions  of  equilibrium,  and  in  a 
fluid  envelope  such  as  the  atmosphere,  whose  density  de- 
creases with  the  height,  these  conditions  may  be  such  that  the 
influence  of  outside  bodies  may  produce  a  ver3'  considerable 
disturbance.  Finallv,  the  existence  of  the  relation  between 
density  and  rotation  just  discussed,  furnishes,!  think,  strong 
proof  in  favor  of  the  truth  of  the  **  nebular  hypothesis," 
which  regards  the  members  of  the  **  solar  system  "  as  formed 
fix>m  originall}^  independent  particles  of  matter  falling 
toward  and  moving  around  a  common  centre  in  obedience 
to  the  law  of  gravitation ;  for  it  is  only  by  regarding  them 
as  so  formed  that  the  equation  connecting  the  **relative  time 
of  rotation  "  with  the  **  relative  density  "  can  be  deduced. 


CURRENT  INTERESTING   CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury  sets  later  than  the  sun  during  the  whole  of  May, 
and  will  be  in  very  favorable  position  for  observation  in  the 
evening  from  the  15th  to  the  30th.  It  will  be  at  greatest 
elongation,  east  22°49'  from  the  sun.  May  24;  in  conjunc- 
tion with  the  moon,  1°53'  north.  May  31,  10  a.  m.  ;  sta- 
tionary in  right  ascension  June  6. 

Venus  has  just  passed  inferior  conjunction  with  the  sun,  4° 
north  of  the  latter,  April  30,  and  cannot  therefore  be  seen 
without  telescopic  aid.  At  the  end  of  the  month  the  planet 
will  again  be  visible  in  the  east  before  sunrise.  During  the 
past  two  months  we  have  had  many  exquisite  views  of  the 
"evening  star,"  and  have  obtained  several  very  good  pho- 
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toj^aphs,  but  have  been  unable  to  detect  any  markings  up- 
on it8  surface  with  the  eight-inch  equatorial.  Venus  will  be 
stationary  in  right  ascension  May  19,  and  at  greatest 
brilliancy  June  5. 

Mnrs  is  bevond  the  sun  and  sets  at  nearlv  the  same  time 
as  the  latter,  so  that  no  observations  of  it  can  be  made. 

Jupiter  may  be  observed  after  midnight  and  will  soon  be 
in  position  for  evening  observation.  He  is  in  the  constella- 
tion of  Sagittarius  in  a  bright  portion  of  the  Milky  Way. 
Jupiter  will  be  in  conjunction  with  the  moon  May  17  at  9 
i\  M.  Central  time;  to  observers  in  Africa  the  planet  will  l>e 
occulted  by  the  moon, but  in  ournorthem  latitude  it  will  pass 
near  the  northern  edge  of  the  moon.  June  14  at  3  a.  m.  the 
planet  will  again  suffer  occultation  by  the  moon,  visible  be- 
tween the  etpiator  and  about  4-0^  of  north  latitude.  Several 
i>bservers  have  reported  successful  observations  of  the  oc- 
cultation of  March  2-4-. 

Siitum  will  W  visible  in  the  west  in  the  early  evening,  but 
at  so  low  an  altitude  that  observations  of  the  satellites  will 
1h*  unsatisfactory.  \Vc  therefore  omit  the  ephemeris  of  the 
satellites.  In  March  l>r.  Terbv  of  Louvain.  France,  an- 
mnniceil  the  apiK'arance  oi  a  white  region  upon  the  rings  of 
Siituni  next  to  the  shadow  of  the  planet.  Many  observers 
have  examintnl  the  planet  under  favorable  circumstances 
since  that  time  and  while  some  have  reporteii  the  white  re- 
gion as  distinctly  seen  and  always  in  the  same  position, 
most  have  seen  nothing  more  than  a  sliijht  hriirhtenins:  of 
the  rings,  where  they  seem  to  l>e  cut  off  by  the  shadow,  and 
which  ap^K'areil  to  Ik*  simply  the  effect  of  contrast  with  the 
intense  blackness  of  the  shadow .  The  .4 s tro::omic:i I  J*  nirna /. 
Xo.  191.  cvmtains  a  re^H>rt  by  Prv^fessor  Hv>Kien  of  the  ob- 
s^rrvations  made  ac  the  Lick  Observatory  with  iH>th  the  3»»- 
iiKh  and  the  l--inch  refnictors.  On  the  tnrst  ni^rhts  the 
ohs^rrvers  were  able  to  detect  nothing  abnormal,  but  \\  hen 
the  detittitivni  was  ^KH>r  an  iU-derincvi.  yellowish  "lump" 
c\>uhl  be  seen  ''extenditig  acrv>ss  rin^r^  A  arrd  R  aK^ut  half 
as  wkW  as  the  shavlow.  ami  clv>se  to  t:.  '  **A  similar  np- 
pearacKX  was  seen  acrv>ss  K^th  A  anvl  B  where  they  met  the 
hall  of  the  pUimrt  on  the  s.  p.  sivle.**  v^^n  M.irvh  JI.  at  the 
SQi^^jse^tion  k>t  Mr.  Sch;ieberle.  the  exwnmeni  was  triev'.  of 
|>faicui^  aa  occulting  bar  tu  the  eyepiece  and  brruirirg  it  over 
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different  parts  of  the  planet.  Wherever  the  bar  was  placed 
a  brighter  confused  lump  seemed  to  rise  and  to  border  the 
bar.  If  the  the  bar  was  over  the  ball,  this  brighter  border 
extended  all  across  the  disc.  If  it  was  placed  on  the  ring 
the  appearance  was  just  that  of  the  lump  bordering  the  true 
shadow  of  the  ball  on  rings.  The  observers,  therefore,  con- 
cluded that  there  was  nothing  abnormal  upon  the  rings, 
but  that  the  appearances  seen  were  due  to  bad  atmospheric 
conditions  alone.  A  perusal  of  Dr.  Terby*s  letter  to  the 
editor  of  the  Astronomische  Nachrichten  (A.  N.  No.  2887  p. 
109)  will  probably  lead  one  to  the  same  conclusion  with  re- 
gard to  his  observations. 

Uranus  is  in  very  favorable  position  for  evening  observa- 
tion. He  may  be  easily  found  with  an  ordinary  telescope, 
being  in  field  of  a  finder  with  o  Virginis,  the  nearest  naked 
eye  star  northwest  of  Spica.  No  reports  of  observations 
of  this  planet  this  year  have  reached  us  as  yet. 

Neptune  is  too  nearly  in  line  with  the  sun  to  be  seen.     ; 

MERCURY. 

R.  A.  Decl.  Rises.  Transits.  Sets, 

hm  ^'  hm  hm  hm 

Mav  20 ."i  2r>.2  +25  iiO  .')  :\'t  a.m.         1  ao.O  p.m.  0  20  p.m. 

2.5 .J  48.<5  +2r»  17  r^  HS    *•  134.2    •*  9*29    " 

m 6  04  4  +24  in  r»  40    "  l  30.4    "  9  20    '* 

June     .5 «  12.6  -\-2H  07  5  32    *'  1  1.5.0    **  8  .58    '* 

10 0  10.3  +21  4.5  5  17    "  12  .53.1     '*  8  29    " 

1.5 0  01.5  +20  25  4.55    »•  12  24.5    ^'  7.54    '* 

VENUS. 

Mav  25 2  03.3    +12  00       2  .58  a.m.         9  49.7  a.m.       4  41  p.m. 

June     5 2  18.3    +11  38       2  31    "  9  21.4     '*  4  12    ** 

1.5 2  41.7    +12  38        2  11    "  9  05.3     "  4  00    " 

mars. 

Mav  25 4  37.0    +22  30       4  43  a.m.      12  23.0  p.m.       8  04  p.m. 

June     5 5  10.1    +23  34       4  27    "         12  12.8    ''  7  .58 

15 5  39.8    +24  03        4  15    **         12  03.1    **  7  51 


JUPITER. 

Mav  25 18  29.5    —23  07       9  48  p.m.  2  13.2  a.m.  0  38  a.m. 

June     5 18  24.6    —23  08        9  00    *'  1  25.0    "  5  .50    " 

1.5 18  19.4    —23  12       8  10    '•  12  40.5    **  5  05    '* 

SATURN. 

May  2.5 -9  10.9    +17  28       9  41  a.m.  4  .50.1  p.m.  12  12  a.m. 

June     .5 9  14.2    +17  12       9  02    "  4  10.2    "  11  31  p.m. 

15 9  17.8   +10  .56       8  27    **  3  40.3    "  10  54 


n 


URANUS. 

May  25 13  08.3   —  6  34  '     3  15  p.m.  8  .52.8  p.m.  2  30  a.m. 

June     5 13  07.5   —  6  29       2  31     "  8  08.7    "  1  46    " 

15 18  07.0   —  6  27       1  51    "  7  28.9    •*  1  07    " 
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NEPTUNE. 

R.  A.  Decl.            Rises. 

h      ni  .     o    '  h      m 

May  25 4  01.4  -|-19  01  4  32  a.m. 

June     5 4  03.1  +19  06  3  43    " 

15 4  0-4.6  4-19  10  3  04    *' 

THE  SUN. 

May  20 3  50.6  -f  20  08  4  27  a.m. 

25 4  10.8  +21  04  4  23    *' 

30 4  31.1  +21  53  4  20    *' 

June     5 4  55.7  +22  38  4  17    '' 

10 5  164  +23  04  4  15    *' 

15 5  37.1  +23  21  4  15    *' 


Transits, 
h      m 
11  54.8  A.M. 
11  05.9    " 
10  27.9    " 


11  56.3  A.M. 
11  56.7    " 
11  57.3 
11  58.3 

11  59.3 

12  00.3  p.m. 


Sets, 
h     m 

7  18  P.M. 
6  29 
5  52 


li 


tt 


<< 


»( 


t( 


7  25  p.M, 
7  30    »* 
7  35 
7  40 
7  43 
7  46 


<( 


a 


(I 


a 


Occultations  Visible  at  Washington. 


Date. 


Star's 
Name. 


Majerni- 
tude. 


IMMERSION. 
Wash.     Anjjle  fra 
Mean  T.      N.  P't. 


EMERSION. 
Wash.      Angle  fra 
N.  P't. 


May  30    C  Tauri.  31/2 

31    fi  Geminorum.    3 

June  1  S  Geminorum.*  3V2 
13    Jupiter. 


h    m 
7  10 

4  23 

7  20 

16  59 


97 

16 

132 


Mean  T. 
h     m 

8  06 
4  42 
8  13 


263 
350 
250 


Dura- 
tion, 
h    ni 

0  56 
0  19 
0  54 


356  Jupiter  0.2'  N  of  moon's  limb. 


Phases  of  the  Moon. 

Last  Quarter May 

New  Moon May 

First  Quarter June 

Full  Moon June 


Central  Time, 
d     h    m 

21     3  53  P.M. 

29  11  20  x.M. 

6    2  02  P.M. 

13    7  58  A.M. 


Phenomena  of  Jupiter's  Satellites. 


May 


Central 
d    h 

17  9 

18  12 

1 
3 
3 

19  12 

1 
2 
3 
9 

20  12 
10 

2112 
22  9 
22  11 
25  1 
4 
4 
2 
3 
11 
2 
9 
11 
11 
28  2 


<i 


(( 


<( 


<< 


(< 


26 


27 


Time, 
m 

43  p.  M. 

31  A.  M. 

04     '* 

22     " 

57 

29 

19 

45 

35 

50  P.  M. 

33  A.  M. 

02  P.  M. 

21  A.  M. 

57  P.  M. 
26     " 

41  A.  M. 

30 

30 

23 

04 

45  P.  M. 

39  A.  M. 

30  p.  .M. 

08 

47 

55  A.  M. 


«( 


<( 


(( 


<< 


(( 


4( 


Central 
d     h 

III  Sh.  In.  Mav     29  9 

III  Sh.  Eg.  '          11 

III  Tr.  In.  30  12 

I  Ec.  Dis.  30    1 

IIITr.  Eg.  June     3    1 

I  Sh.  In.  10 

I  Tr.  In.  1 1 

ISh.  Eg.  4    1 

I  Tr.  Eg.  1 

I  Ec.  Dis.  10 

lOc.Re.  5  12 

I  Tr.  Eg.  6  12 

II  Ec.  Dis.  1 

II  Sh.  Eg.  7  10 

IITr.  Eg.  1112 

III  Sh.  In.  12 

III  Sh.  Eg.  10 

III  Tr.  In.  11 

ISh.  In.  12  12 

I  Tr.  In.  3 

I  Ec.  Dis.  9 

I  Oc.  Re.  9 

I  Tr.  In.  9 

I  Sh.  Eg.  •               9 

ITr.  Eg.  14    9 

II  Ec.  Dis.  15  12 


p, 

A. 


Time 
m 

54  p 
07 
33 
46 
39 
45 
15 
02 
31 
50 
36 
30 
24 
11 
39 
59 
01 
52 
34 
54 
03 
24 
36 
41 
21 
25 


.  M. 


A.  .M. 

*i 

P.  M. 
ii 

A.  M. 


it 


M. 
M. 


It 
(< 

.  M. 

«t 

.  M. 
»( 

.  bL  . 
it 

.M 

(t 

ft 
tf 
tt 


A.  A». 


II  Sh.  In. 
II  Tr.  In. 
II  Sh.  Eg. 
II  Tr.  Efjr. 

I  Ec.  ths. 

I  Sh. In. 

I  Tr.  In. 

I  Sh.  Eg. 

I  Tr.  Eg. 

I  Oc.  Re. 

Ill  Oc.  Re. 

II  Sh.  In. 

II  Tr.  In. 

II  Oc.  Re. 

I  Sh.  In. 

I  Tr.  In. 

I  Ec.  Dis. 
Ill  Ec.  Dis. 

I  Oc.  Re. 

III  Oc.  Re. 

IV  Ec.  Dis. 
I  Sh.  Eg. 

IV  Ec.  Re. 
I  Tr.  Eg. 
II  Ec.  bis. 
II  Oc.  Re, 
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Approximate  Times  of  Transit  of  the  Great  Red  Spot  Across  the  Middle  of 

Jupiter's  Disk. 


June 


Central  Time. 

Central  Time. 

d      h 

m 

d      h 

m 

May  15  11 

38  P.  M. 

May 

27      3 

39  A.  M. 

17     5 

25  A.  M. 

27   11 

30  p.  M. 

18     1 

16     " 

29     5 

17  A.  M. 

18   -9 

07  P.  M. 

30      1 

08     •• 

20     2 

54  A.  M. 

30     8 

59  p.  M. 

•       20  10 

45  p.  M. 

June 

1      2 

46  A.  If. 

22      4 

32  A.  M. 

1    10 

37  p.  M. 

23  12 

23     " 

3     4 

24  A.  If. 

23     8 

14  P.  M. 

4  12 

15     *• 

25     2 

01  A.  M. 

4     8 

06  p.  M. 

25     9 

52  P.  M. 

Central  Time. 

h 

d 

m 

6 

1 

OO  A*  Sa.» 

6 

9 

44  p.  M. 

8 

3 

31  A.  M. 

8 

11 

22  P.  M. 

10 

5 

09  A.  M. 

11 

1 

00     *' 

11 

8 

51  p.  M. 

13 

2 

38  A.  M. 

13 

10 

29  P.  M. 

15 

4 

16  A.  M. 

Occultations  of  the  Planet  Jupiter  as  Observed  at  the  Lick  Observatory 

March  23,  1889. 

[Communicated  by  Edward  S.  Holden.] 

I  beg  to  forward  with  this  the  observations  of  the  occul- 
tation  of  Jupiter  made  at  the  Lick  Observatory  March  23. 
The  altitude  of  the  planet  was  too  small  to  allow  the  great 
equatorial  to  be  used.  Mr.  Keeler  observed  with  the  ^Vq- 
inch  Clark  equatorial.  Mr.  Barnard  observed  with  the  12- 
inch  Clark  equatorial-  Mr.  Hill  observed  with  the  4-inch 
Clark  comet-seeker.  He  also  computed  the  times  of  immer- 
sion and  emersion.  Mr.  Leuschner,  Cand.  Phil.,  observed 
with  a  portable  Clark  telescope  of  3  inches  aperture. 

Their  results  follow : 

OBSERVATIONS  BY  MR.   KEELER. 

My  observations  were  made  with  a  low  power  on  the  6V^- 
inch  equatorial.  At  immersion  Jupiter  was  very  low,  and 
the  definition  was  so  bad  that  no  detail  could  be  seen  on  the 
surface  of  the  planet.  No  attempt  was  made  to  note  the 
time  of  any  occurrence. 

The  limb  of  the  moon  at  the  point  of  contact  was  much 
brighter  than  Jupiter.  I  estimated  the  point  of  equality'  of 
brightness  to  be  about  5  diameters  of  the  planet,  or  3'  from 
the  limb. 

At  emersion  the  definition  was  better,  but  still  so  bad  that 
the  belts  on  Jupiter  could  only  occasionally  be  seen.  The 
only  curious  appearances  noticed  were  those  due  to  irradia- 
tion. The  satellites,  which  were  large  and  brilliant,  ap- 
peared suddenly,  leaving  a  feeling  of  surprise  that  such  (ap- 
parently) large  discs  could  be  so  quickly  uncovered  by  the 
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motion  of  the  moon.  The  disk  of  the  planet  when  it 
emerged  appeared  to  be  notched  into  the  dark  limb  of  the 
moon,  which  was  easily  visible.  The  observation  of  other 
phenomena  than  these  was  prevented  by  the  bad  seeing. 

J.   E.   KEELER. 
OBSERVATIONS    BY  MR.  BARNARD. 

The  immersion  of  the  planet  and  satellites  was  obser\-ed 
under  very  unfavorable  conditions,  the  planet  being  low  and 
the  air  excessively  disturbed.  The  satellites  were  verj-  Taint 
at  contact,  the  unsteadiness  of  the  moon's  limb  preventing 
any  accurate  observation  of  their  disappearance.  I  think 
the  observations  of  disappearance  will  scarcely  Ije  out  over 
one  second,  however. 

Recorded  Times  of  Disappearance. 

Satellite  lit  1-t  3  -15,1    disapp«ur«d  in  undulations— vcn'  fiiint, 

.     ■'         H  1+  6  46.6  ■■■      '- 

"  1  14  9  37.2    probably  Is  earh-T  disappeared  asaliove. 

Jupiter       I  14  11  31.91  iinaK«s  very  unBteadv;  Contact  I  will  he 

"  11  1+  12  41. 7|     accurate,  the  dislurluincc  being  greater  nl 

Satellite  IV,  though  pretty  distinct  before  reaching  the 
limb,  was  completely  blotted  out  some  four  seconds  before 
contact  by  an  undulation  of  the  limb  that  did  not  cease  for 
ten  seconds  after  the  satellite  had  disappeared. 

At  reappearance  the  seeing  was  somewhat  slightly  im- 
proved, though  still  unusually  bad. 

The  approximate  times  and  angles  of  reappearance  ha\-ing 
been  projected  by  Mr.  Hill,  the  reappearances  were  caught 
sharply.  The  satellites  «'ere  bright  and  very  large  in  com- 
ing out — seeing  =1  or  2  on  a  scale  of  5.  They  shot  out 
rather  rapidly,  though  a  sensible  interval  was  required 
— from  0.2s  to  0.3s.  As  near  as  could  be  judged,  the  times  of 
the  reappearances  of  the  centers  of  the  satellites  were  re- 
corded. 

The  reappearance  of  Limb  I  of  Jupiter  was  that  of  a  very 
ill-defined  mass  of  boiling-light,  which  grew  rapidly,  with- 
out any  special  form;  as  it  progressed  the  limb  of  the  moon 
was  seen  cutting  the  disc,  but  so  badly  distorted  that  noth- 
.  ing  could  \k  made  of  it.  At  last  contact  the  planet  had 
scarcely  any  definite  form,  and  the  belts  were  hardly  reco^ 
nizable. 
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Recorded  Times  of  Reappearance. 

h      m       8  h  ni       8 

Satellite  III  15  11  53.6                      Jupiter        I  15  19  58.8 

II  15  14  47.8                              *'           II  15  21  21.2 

I   15  18  40.8                       Satellite    IV  15  35  27.5 


«i 


From  the  bad  definition,  nothing  worthy  of  note  was  seen. 
The  observations  were  made  with  full  aperture  of  the  12- 
inch  equatorial,  a  power  of  150  being  used.  The  times  are 
Mt.  Hamilton  mean  time.  E.  E.  barxard. 

OBSERVATIONS  BY  MR.   HILL. 

The  observations  were  made  with  the  4-inch  broken  tube 
comet-seeker,  on  the  roof  of  the  main  building ;  times  noted 
on  M.  T.  chronometer  Negus  1719.  The  prism  of  this  in- 
strument gives  poor  images  of  bright  stars  and  planets,  and 
the  moon  was  verj''  low  in  the  heavens  at  each  phase  of  the 
phenomenon.  In  addition,  the  atmospheric  disturbance 
was  greater  than  I  have  before  seen  it  at  this  Observatory'. 
For  these  reasons  the  onl}^  records  marked  **good,''  at  time, 
were  those  of  ** first  glimpse'*  of  planet  and  satellites,  at  the 
emersion.  It  was  entirely  impossible  to  make  an^-  notes  of 
physical  appearances,  etc. 

Immersion  observed  with  power  of  about  25  diameters, 
not  suflBcient  to  distinguish  between  light  of  planet  and 
that  of  moon.  Made  two  guesses  at  contact  and  disappear- 
ance, as  below;  chronometer  correction  being  applied,  to  re- 
duce to  Mt.  Hamilton  M.  T. : 

h        m  s 

Contact  I  =  14  11  36.2     : 
**      11  =  14.  12  26.7     :: 

Emersion :  For  this  used  a  somewhat  higher  power  from 
the  6-inch  equatorial,  giving  with  this  instrument,  about  60 
diameters. 

h     m       8 

Reappearance  Satellite  111=  15  11  54.0  Good. 

11  =  15  14  48.1       " 

1  =  15  18  41.2       " 

Jupiter  (III)  =  15  19  58.9       " 

"      (IV)  =  15  21   18.8  Poor. 

Satellite  IV  =  15  35  29.6  Good. 

Could  with  difficult^'  distinguish  dark  limb  of  moon  at 
this  observation.  chas.  b,  hill. 

OBSERVATIONS  OF  MR.  LEUSCHNER. 

The  occultations  were  observed  with  a  portable  telescope 
of  3H-inch  aperture  and  a^  terrestrial  eyepiece  magnifying 
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about  40  diameters.  The  times  were  taken  from  sidereal 
chronometer  No.  1720.  The  satellites  preceding  Jupiter  were 
fairly  well  seen  until  about  3-5s  before  disappearance  when 
they  were  lost  in  the  glare.  The  moon's  limb  was  ver\^  un- 
steady and  seeing  exceedingly  poor.  Jupiter  touched  the 
moon's  limb  several  times  before  making  a  complete  contact 
and  the  time  was  not  recorded  for  this  reason.  The  second 
contact  occurred  at  14A  12m  42.9s  L.  O.  M.  T.  The  disap- 
pearance of  the  last  satellite  could  not  be  observed,  as  it 
was  lost  about  4s  before  disappearance.  Mr.  Keeler,  how- 
ever, observed  it  near  by  in  the  6-inch  equatorial  and  called 
time,  which  I  recorded. 

Disappearance  of  4th  Satellite,  14A  25m  52.2s  L.  O.  M. 
T.    M.  Keeler  estimates  that  this  time  may  be  2s  out.    The 
reappearances  were  all  observed  except  the  third  contact  of 
Jupiter.    The  times  are  as  follows : 

h       m       8  h        tn       8 

Jupiter     IV    15  21   14.8 
Satellite  IV  35  28.5 


Satellite 

I 

15 

11 

53.8 

(< 

II 

14 

48.3 

11 

III 

18 

42.2 

The  Polar  Rays  of  the  Corona,  In  speaking  of  this 
point,  in  a  recent  private  letter,  Professor  W.  H,  Pickering 
remarked  that  the  difference  in  the  character  of  the  ravs  at 
the  two  poles  of  the  sun,  noticed  in  1886,  was  well  marked 
at  the  last  eclipse.  Some  of  the  long  jets,  seen  by  the  naked 
eye  in  1886,  were  carefull^'^  searched  for  at  the  last  eclipse 
and  not  found.  These  did  appear  on  the  photographic  plates 
of  this  year. 

The  outline  of  the  moon  was  followed  for  nearh'  four 
minutes  after  totality  by  the  aid  of  a  4%-inch  glass.  Numer- 
ous photographs  of  the  corona  were  taken  by  the  Harvard 
party  after  the  third  contact. 

Speaking  of  the  spectroscopic  observations  Professor  Pick- 
ering also  remarked  that  the  spectrum  was  much  simpler 
than  in  the  eclipse  of  1882,  showing  perhaps  a  half  dozen 
lines  besides  the  hydrogen.  In  the  spectra  of  the  protuber- 
ances the  H  and  K  lines  were  strongly  marked.  The  hydro- 
gen rings  which  did  not  come  out  with  the  prismatic  camera 
in  1886,  were  moderately  well  shown.  During  totalit\^ 
forty-seven  negatives  in  all  were  secured,  and  about 
twenty  within  a  few  seconds  afijerwards  which  can  be  used 
with  advantage. 
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Ephemeris  of  Comet  e  1888  {Barnard,  Sept.  7).  The  fol- 
lowing is  a  continuation  of  my  ephemeris  of  Barnard's 
comet  from  Berberich's  elements,  for  the  month  of  April: 

R.  A.  I>ecl. 
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O.   C.   WENDELL. 

Harvard  College  Observatory,  March  22,  1889. 

[The  above  ephemeris  was  received  too  late  for  last 
month's  Messenger,  but  is  published  b^^  request  of  certain 
astronomers,  who  desire  to  compare  their  observations  with 
the  places  given  in  the  same. — Ed.] 


The  Orbit  of  Sappho  (80).  Robert  Bryant,  F.  R.  A.  S.,  has 
done  astronomy  great  service  in  a  recent  thorough  and  ap- 
parently complete  discussion  of  the  orbit  of  the  minor  planet 
Sappho  (80).  The  particular  object  in  the  mind  of  the 
author  in  doing  this  laborious  work  at  the  present  time  is 
that  the  orbit  of  this  planet  may  be  well  known,  so  that  it 
may  be  observed  at  opposition,  with  the  heliometer,  for  the 
study  of  the  sun's  parallax.  Dr.  Gill  thinks  that  minor 
planets  Victoria,  Sappho  and  Ariadne  are  the  best  situated 
of  anv  for  this  kind  of  work. 


Photographing  the  Great  Sehula  of  Orion.  In  the  March 
number  of  the  J\/o/7t/z/v  Sotices  Isaac  Roberts  gives  a  brief 
paper  on  what  he  terms  photogra])hic  analyses  of  the  Great 
Nebula  of  Orion,  M  42  and  M  43  and  h  1180  in  Orion. 
This  was  done  by  exjiosing  negatives  between  5  seconds  of 
time  and  205  minutes,  and  studying  the  gradations  of  the 
nebulosity  obtained,  in  order  **to  compare  the  relative  ac- 
tinic power  of  the  light  in  diflFerent  parts  of  the  nebula." 
The  first  exposure  of  5  seconds  showed  the  four  stars  of  the 
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trapezium.  The  second  exposure  of  30  seconds  increased  the 
diameter  and  density  of  those  stars,  and  a  third  exposure  of 
1  minute  intensified  the  same  effect  and  showed  the  be/arin- 
ning  of  nebulosity'  around  o.  The  fifth  exposure  of  6  min- 
utes made  the  star  images  one  with  irregular  outline,  and 
brought  otft  the  nebulosit3''  more  fulh',  giving  points  for 
comparison  with  the  well  known  drawings  of  Rosse. 
When  the  exposures  were  continued  for  15  minutes  or 
more  these  resemblances  more  or  less  disappeared  on  ac- 
count of  the  increasing  densit\^  of  the  nebulosity.  The  in- 
teresting question  whether  this  nebula  is  in  a  state  of  change 
is,  at  least,  presumptiveh'  answered  in  the  aflSrmative  by  Mr. 
Roberts'  series  of  photographs.  On  this  point  he  sa\-s :  **  It 
is  obvious,  if  we  compare  the  positions  of  the  stars  within 
the  nebula,  as  thev  are  shown  on  the  charts  bv  Lord  Rosse 
and  by  Bond,  that  changes  in  the  relative  position  of  some 
of  them  have  taken  place  since  the  year  1866,  and  I  shall 
here  just  refer  to  CHie  as  an  illustration.  In  the  Tra|>e2ium 
the  two  stars  numbered  65  and  69  on  Lord  Rosse's  chart 
are  shown  much  closer  to  each  other  than  the  stars  num- 
bered 67  and  73,  and  Bond's  chart  agrees  with  Lord  Rosse's, 
whereas  in  the  photographs  these  pairs  are  nearh*  equidis- 
tant.*' 

Within  the  last  few  months  Mr.  Roberts  has  made  expos- 
ures on  this  nebula  varying  from  30  minutes  to  205  minutes. 
Those  made  during  30  and  81  minutes  show  great  exten- 
sions of  the  nebula,  and  M  43  and  M  42  are  joined,  **/i  1180 
is  well  developed  with  characteristic  dark  cross  streams." 
An  exposure  of  205  minutes,  Feb.  4,  1889,  gave  evidence 
that  all  three  of  these  objects  belong  to  one  and  the  same 
gigantic  nebula.  The  inferences  which  Mr.  Roberts  seems  to 
draw  fairly  from  his  work  up  to  the  present  time  are  intense- 
h'  interesting,  indeed,  almost  startling.  We  give  his  con- 
cluding words : 

**  The  evidence  and  confirmation  place  it  beyond  reasonable 
doubt  that  the  links  shown  between  these  objects  are  reali- 
ties, and  though  they  supply  us  with  vastly  extended  knowl- 
edge of  the  dimensions  and  form  and  details  of  this  nebula, 
3'et  leave  us  with  unsatisfied  desire  to  see  more,  and  prob- 
ably to  find  that  the  nebula  will  be  shown  to  have  a  sym- 
metrical form  in  external  outline,  but  is  in  a  state  of  strong 
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interaal  commotion.  Next  year  we  ought  to  be  able  to  sup- 
ply the  missing  links,  and  see  it  as  a  finished  picture.  In  the 
mean  time  we  ought,  with  all  gratitude,  to  admire  the  pa- 
tient,  long-suffering  endurance  of  those  martyrs  to  science 
who,  during  the  freezing  nights  of  man}-  successive  winters, 
plotted,  with  pencil  in  benumbed  fingers,  the  crude  outlines 
which  have  been  handed  down  to  us  as  correct  drawings  of 
this  wonderful  nebula,  which  we  can  now  depict  during  four 
hours  of  clear  sky  with  far  greater  accuracy  than  is  i^ossible 
bv  the  best  hand- work  in  a  lifetime." 


EDITORIAL  NOTES. 


A  new  comet  was  discovered  b\'  E.  E.  Barnard,  astronomer 
at  Lick  Observatory',  March  31.7215  g.  m.  t.  in  apparent 
right  ascension  5/z  20m  49. 3s,  in  apparent  polar  distance 
73°53',  having  daily  motion  in  right  ascension,  —  13'  of 
arc;  in  polar  distance,  — 2\  The  comet  at  time  of  dis- 
coverN"  was  on  the  southern  border  of  the  constellation 
Taurus,  about  12^  east  of  Aldebaran ;  its  motion  during  last 
month  was  slowly  to  the  south-east.  April  4,  observations 
of  the  comet  were  made  by  E.  Lamp,  Weiss,  and  C.  F.  Pech- 
iile.  It  was  then  very  faint — too  faint  for  the  use  of  the 
microiAeter  by  the  first  named  observer. 

J.  M.  Schaeberle,  astronomer  at  Lick  Observatory-  has 

computed  the  following 

elements  : 

T  =  1889  May  26.44  g.  m.  t. 
t:  ^  286°    3'  '\ 

Q  =  297    26      Mean  Eq.  1889.0 
/=    90      0  J 

log  q  =  8.6064  =  0.0404  for  q,  which  appears  to  be 

very  small  for  the  perihelion  distance.    The  following  places 

for  April  are  by  Dr.  H.  Oppenheim,  as  given  in  A.  N.   No. 

2889. 

R.  A.  Decl.  L. 

h     m  o         / 

April  4  5  17.9  +15  39    1.10 

8  15.1                50 

12  12.7                41 

16  5  10.8  -i-15  32    1.62 

By  the  above  table  it  is  apparent  that  the  light  of  the 
comet  is  increasing,  but  its  position  for  observation  is  not 
very  favorable,  as  it  is  only  2^  hours  east  of  the  sun. 
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Photographic  Study  of  Stellar  Spectra  at  Harvard  College 
Observatory,  The  third  annual  report  from  the  Harvard 
College  Observatory,  on  work  which  constitutes  the  Henry 
Draper  Memorial,  under  the  direction  of  Professor  E.  C. 
Pickering,  is  received.  The  plan  of  previous  years  has  been 
continued  during  the  last.  The  five  special  lines  of  research 
are:  1.  Catalogue  of  spectra  of  bright  stars.  Instrument, 
8-inch  Batche  telescope,  a  photographic  doublet,  as  an  objec- 
tive. Work :  photographs  cover  the  entire  sky  north  of — 25^ 
declination,  exposures  from  5  to  10  minutes.  About  28,000 
spectra  of  10,800  stars  of  7th  magnitude  and  brighter  have 
been  examined.  Copy  of  catalogue  is  nearly  ready  for  the 
printer,  as  far  as  14/?  in  right  ascension,  tlie  positions  being 
brought  forward  to  the  epoch  of  1900.  2.  Catalogue  of 
spectra  of  faint  stars.  Instrument  used  is  the  13-inch  pho- 
tographic telescope.  Work  of  taking  photographs  required 
to  cover  the  sky  north  of  the  equator  was  nearly  finished  in 
November,  1888.  Since  that  time  the  instrument  has  been 
in  use  in  the  Western  and  Southern  expeditions. 

3.  Detailed  study  of  the  spectra  of  bright  stars.  The  in- 
strument for  this  work  is  the  11 -inch  refractor  with  one, 
two  or  four  large  prisms  over  its  objective.  With  this  in- 
strument 686  photographs  have  been  taken,  most  of  them 
with  an  exposure  of  two  hours.  Photographic  plates  now 
in  use  are  sensitive  enough  to  get  570  stars  north  of  — 30^ 
declination  with  one  prism,  170  with  two  prisms  and  87 
with  four  prisms.  It  is  expected  that  this  work  will  be  com- 
pleted during  the  next  3'ear. 

4.  Faint  stellar  spectra  by  the  aid  of  the  28-inch  reflecting 
telescope  by  Dr.  Draper  has  not  been  continued. 

5.  Catalogue  of  spectra  of  bright  southern  stars  is  now 
in  progress  by  the  8-inch  Batche  telescope  in  Peru.  The  sky 
from — 25*^  to  the  south  pole  will  be  covered,  and  the  result- 
ing photographs  sent  to  Cambridge  and  reduced  as  in  the 
case  of  the  northern  stars.  The  work  will  probably  require 
two  years. 

6.  The  catalogue  of  spectra  of  faint  southern  stars  will  be 
extended  to  the  south  pole  simultaneously  with  the  obser- 
vations just  referred  to  above,  which  are  being  made  in  Peru. 
These  memorial  funds  are  being  put  to  excellent  service  in 
the  interest  of  astronomy,  as  is  plainly  seen  from  this  im- 
portant report. 


• 
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Occultation  of  Jupiter,  The  occultation  of  Jupiter  by  the 
moon  March  24,  1889,  took  place  here  at  sunrise.  The  sky 
was  very  clear  but  there  was  so  much  light  that  the  disap- 
pearance of  the  satellites  could  be  seen  with  difficult}-,  and 
at  reappearance  they  had  faded  entirely  out  of  sight.  The 
disappearance  of  satellite  III  was  noted  at  March  23d  17/i 
45/n  0.5s  but  with  some  uhccrtaintv  as  to  the  exact  in- 
stant. 

The  times  of  disappearance  and  reappearance  of  the  planet 
were  noted  at  the  following  instants,  Ann  Arbor  mean  time : 

h      m        K 
Di».     Firstcontact 17  55   18.2 

Last        **     17  57  39.9 

Reap.  First      "      IH  47   14..7 

Last        '*     IS  48  55.4 

The  disappearance  was  on  the  bright  edge,  30°  to  40° 
from  the  north  point.  The  reappearance  of  the  planet's  edge 
outside  the  moon's  limb  was  not  seen  at  the  instant  it  oc- 
curred.   The  time  given  is  several  seconds  late. 

The  6-inch  equatorial  was  used  with  an  e^'e-piece  magnify- 
ing about  200  diameters,  careful  watch  was  kept  for  the 
remarkable. contact  phenomena  which  have  been  sometimes 
described  for  occultations  of  planets,  but  nothing  note- 
worthy was  observed.  There  was  some  tremulousness  and 
flickering  at  contact,  but  nothing  else.      M.  w.  Harrington. 

Ann  Arbor,  Mich. 


Comet  1882  II,  We  have  received  the  first  part  of  an 
**  In vestigation  of  the  Comet  System  1843  I,  1880  I  and 
1882  II,"*  bv  Dr.  Heinrich  Kreutz.  which  is  indeed  a  model 
work  of  its  kind.  It  was  published  in  1888  as  a  Publication 
of  the  Observatory  in  Kiel,  Germany.  The  author  gives 
first  a  short  but  complete  review  of  the  apparition  of  Comet 
1882  II  (the  great  September  comet),  followed  by  an  ephem- 
eris  depending  upon  Dr.  Stechert's  elements  of  the  orbit.  He 
then  discusses  briefly  the  passage  of  the  comet  over  the  disc 
of  the  sun,  showing  that  it  entered  upon  the  western  edge 
of  the  disc  Sept.  17,  4/?  30.6m  Berlin  mean  time,  passed  oflf 
the  eastern  edge  at  0/7  47m,  reached  perihelion  at  6/2  24m  at 
a  distance  of  less  than  half  the  radius  of  the  sun  from  his 

•  fntersnchunj^en  ul>cr  <laj»  comctensvHtcni  1S4..3  I.  IHSO  I  and  1S82  II.  I 
Thcil  I>cr  in'osnc  September  comet  IHm'j  n.  Von  Dr.  Heinrich  Kreutz.  zweiteai 
Observator  der  koniKl-     Stenwnrtc.     Kiel.  lhH8. 
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east  limb,  passed  behind  the  east  edge  of  the  sun  at  7b  59in, 
and  out  from  behind  the  west  edge  at  9A  58/n.  The  first  of 
these  times  was  observed  by  Finlay  and  Elkin  at  the  Cape  of 
Good  Hope,  the  comet  totally  disappearing  as  it  passed 
upon  the  solar  disc,  so  that  the  observers  thought  that  it 
had  gone  behind  the  sun.  The  comet  was  on  the  east  side  of 
the  sun  for  2hllm,  during  which  time  it  should  have  been 
visible  in  America,  but  appears  to  have  been  nowhere  no- 
ticed. 

The  author  then  gives  a  list  of  the  comparison  stars, 
with  all  the  observed  places  of  each,  and  a  complete  collec- 
tion of  all  the  published  observations  of  the  comet.  A  dis- 
cussion of  the  observations  of  the  nucleus  is  given  next. 
Considerable  difficulty  was  found  in  identifying  the  parts  of 
the  nucleus  which  the  different  observers  took  as  the  points 
of  measurement.  At  the  time  of  discovery  of  the  comet, 
Sept.  8,  the  nucleus  was  round,  IC-l^''  in  diameter,  and  it 
retained  the  circular  form  as  it  approached  the  sun.  Sept. 
17,  half  an  hour  before  it  entered  upon  the  disk  of  the  sun 
the  nucleus  had  a  diameter  of  onlv  about  4'';  the  next  dav 
it  was  the  same,  as  observed  on  the  meridian  at  the  Cape  of 
Good  Hope.  Sept.  21.0  the  nucleus  was  first  noticed  to  be 
oval;  Sept.  22.2,  according  to  Schaeberle's  measures,  the 
major  axis  was  11.9",  the  minor  axis  4-. 8".  Toward  the  end 
of  the  month  the  elongation  was  generally  noticed;  Sept. 
30.7  Finla3'  first  discovered  two  balls  of  light  in  the  head  of 
the  comet.  Later  other  separate  points  of  light  were  seen,  so 
that  the  nucleus  appeared  to  be  divided  into  3,  4-  or  5  parts. 
Still  later  these  became  enveloped  in  a  dense  haze  so  that 
onh'  one  or  two  could  be  distinguished,  and  it  is  somewhat 
uncertain  which  points  were  the  brightest  toward  the  last. 
Dr.  Kreutz  thinks,  however,  that  he  has  succeeded  in  nearly 
all  cases  in  identifying  the  point  which  was  taken  for  meas- 
urement and  has  deduced  the  necessary  corrections  to  reduce 
each  to  the  point  which  he  has  assumed  as  the  center  of 
gravity  of  the  comet.  From  all  the  observations  he  has  de- 
rived nineteen  normal  places  of  the  comet,  and  after  correct- 
ing these  for  the  perturbations  by  Jupiter  and  Saturn,  has 
formed  nineteen  normal  equations  from  which  are  deduced 
the  corrections  to  the  assumed  elements.  The  final  elements 
thus  derived  are  as  follows : 
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Epoch  of  occultation  1882,  Sept.  20.5  Berlin  mean  time. 

T=  1882  Sept.  17.2612428  ±  0.0000319 

w  =    69°35' 20.80''  ±  7.57'') 

O  =  34-6  00  42.70    ±  7.31    }  Mean  equinox  1882.0 

/  =  141  59  44.63  ±1.79  J 
log  q  =  7.8893666  ±  0.0000364 
log  e  =  9.9999600  ±  0.0000001 

e  =  0.9999078  ±  0.0000002 
log  a  =  1.9551  a  ^  84.16  ±  0.22 

Penod=  772.0  ±  2.9  years. 

The  nineteen  normal  places  are  represented  within  the 
errors  of  observation. 

Dr.  Kreutz  discusses  the  possible  identity  of  this  comet 
with  that  of  1106,  which  was  recorded  as  a  very  brilliant 
one,  seen  in  da^iight  close  to  the  sun.  He  reaches  a  negative 
conclusion  from  the  fact  that  the  comet  of  1106  was  seen 
north  of  the  equator  in  February ,  which  could  not  be  true  of 
one  moving-in  the  orbit  of  the  1882  comet. 

The  Satellites  of  Uranus,  In  the  last  number  of  your  val- 
uable journal  appears  my  reference  to  a  glimpse  of  the  satel- 
lites of  Uranus  with  a  3  inch  telescope.  As  the  statement 
will  undoubtedly  be  questioned,  since  they  are  said  to  be 
**  beyond  the  range  of  glasses  as  large  as  8  or  10  inches  in 
aperture,'*  permit  me  to  call  attention  to  **  Webb's  Celestial 
Objects,"  fourth  edition,  revised,  1881.  Page  186,  he  says: 
**  Ward  has  glimpsed  the  two  outer  ones,  Oberon  and  Titan- 
ia,  with  a  4,^jj-inch  Wray  achromatic." 

In  June  of  last  3'ear  Uranus  was  in  splendid  position  for 
obser\'ation,  and  for  three  or  four  evenings  in  the  early  part 
of  the  month  the  seeing  was  very  fine.  At  that  time  with 
Uranus  in  the  field,  I  glimpsed  those  extremely  faint  little 
moons  of  the  planet  with  my  3-inch  glass,     s.  s.  chevers. 

Brighton,  N.  J.,  March  19,  1889. 

The  above  in  substance  is  what  appeared  in  the  March 
Messenger,  and  attracted  considerable  attention,  as  might 
have  been  expected  in  view  of  the  small  aperture  employed. 
As  Mr.  George  A.  Hill  of  Washington  says,  the  satellites  of 
Uranus  are  difficult  objects  for  glasses  of  8  or  10  inches  ap- 
erture. "Herschel  pronounced  these  objects  the  most  diffi- 
cult of  all  in  the  solar  heavens,  and  gives  as  an  example  of 
their  faintness  a  double  star  between  <?*  and  /-*  Capricorni. 
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The  object  glass,  he  says,  that  is  not  capable  of  splitting  this 
double,  which  is  about  3''  apart  would  not  have  a  ghost  o{ 
a  chance  in  seeing  the  satellites  of  Uranus.'*  Speaking  of 
these  satellites  Newcomb  remarks  (Popular  Astronomy,  p. 
365):  **They  may  fairly  be  regarded  as  the  most  difficult 
known  objects  in  the  planetary  system;  indeed,  it  is  only 
with  a  few  of  the  most  powerful  telescopes  in  existence  that 
thev  have  been  certainly  seen.**  Professor  Newcomb  doubt- 
less  had  in  mind  all  four  of  the  satellites  of  Uranus  when  the 
above  statement  was  written.  Lamont  of  Munich  saw  the 
second  and  fourth  satellites  in  1837  with  a  lO^^-inch  refract- 
or. Professor  Young  says  (General  Astronomy,  p.  368): 
**Titania,  the  largest  and  brightest  of  the  satellites  of 
Uranus,  has  a  distance  of  280,000  miles,  with  a  period  of 
8d  17 h.  Under  favorable  circumstances  this  satellite  can  just 
be  seen  with  a  telescope  of  8  or  9  inches  aperture.**  These 
views  are  cited  to  show  the  prevailing  idea  of  skillful 
observers  relative  to  the  difficulty  experienced  in  obser\'ing 
these  minute  satellites.  It  is  not  the  purpose  of  this  note  to 
throw  doubt  on  the  observation  of  Air.  Chevers.  Nobodv 
knows  as  well  as  he,  probably,  what  he  saw,  especially  if  he 
observed  carefully,  and  was  certain  of  what  he  saw.  On  the 
other  hand  it  is  true,  if  he  saw  those  satellites  with  a  3-inch 
telescope,  that  his  is  the  finest  record  of  observing  in  this 
particular  known  to  modern  astronomy,  so  far  as  our 
knowledge  goes.  We  may  fairh-  say  that  a  good  eye,  a  fine 
glass  and  exquisite  seeing  in  Utah  air  at  high  altitude 
were  doubtless  favoring  circumstances  in  this  obseri'^ational 
problem.  Mr.  Chevers  will  doubtless  try  his  glass  on  the 
double  star  between  /?'  and  ,j^  Capricomi  that  further  tests 
of  its  defining  power  ma^'  be  known ;  and  yet,  in  fairness  it 
should  be  added  that  if  his  glass  fails  to  divide  that  double, 
it  would  not  prove  that  he  did  not  see  what  he  claims  to 
have  seen. 


Errors  in  Elementary  Astronomical  Text-Books.  In  the 
last  number  of  The  Sidereal  Messenger,  Dr.  Lewis  Swift, 
of  Warner  Observatory,  Rochester,  N.  Y.,  in  an  article  on 
*'  Errors  in  Astronomical  Text  Books,'*  gives  one  or  two  from 
Lockver's  Astronomy.  There  is  one  not  mentioned  bv  Dr. 
Swift  which  gave  the  writer  of  this  communication  a  good 
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deal  of  trouble  at  one  time,  and  it  is  therefore  desirable  to 
notice  it. 

In  speaking  of  the  stationar3'  appearance  of  the  superior 
planets,  Mr.  Lockyer  says  (Art.  374,  p.  208):  **  The  planet, 
as  seen  from  the  earth,  will  appear  at  rest,  as  we  are  ad- 
vancing for  a  short  time  straight  to  it."  As  the  earth  is  al- 
ways moving  in  the  direction  of  a  tangent  to  the  point  of 
its  orbit  then  occupied  by^the  earth,  and  the  tangent  makes 
a  right  angle  with  the  radius,  or  line  between  earth  and  sun, 
a  stationary  planet  ought,  if  Lockjxr's  explanation  is  cor- 
rect, to  be  90°  from  the  sun  on  the  celestial  sphere.  In  the 
case  of  the  planet  Mars,  it  is  plain,  without  any  measure- 
ment at  all  that  Mars,  when  stationar}-,  is  more  than  90° 
from  the  sun.  The  true  explanation  of  the  stationary  phe- 
nomenon, given  by  Herschel  and  other  astronomers,  is  that 
all  lines  drawn  through  the  centers  of  the  .earth  and  a  planet 
during  its  stationary  periods  are  parallels,  and  parallels  ex- 
tending from  any  point  on  the  earth's  orbit  towards  the 
celestial  sphere  seem  to  converge  to  a  point  upon  that 
sphere.  Since  a  stationary  planet  is  on  such  parallels  it  is 
always  seen  against  the  point  to  which  the3''  seem  to  con- 
verge, and  therefore  seems  to  us  to  be  motionless. 

It  is  a  strong  illustration  of  the  way  in  which  elementary 
astronomy  is  divorced  from  observation  that  Lockj'er's 
book  has  been  taught  for  nearly  twenty  years,  but  no  teach- 
er has  discovered  this  error,  which  is  apparent  as  soon  as 
observation  is  used. 

The  same  correction  applies^  with  slight  changes  to  the 
subject  of  inferior  planets  as  treated  b^'  Lockyer.  b.  a. 


White  Region  on  Saturn's  Ring,  This  phenomenon  is  still 
visible,  and  has  been  distinctlv  seen  on  evcrv  occasion  that 
the  planet  has  been  observ'-ed.  It  is  visible  with  all  powers 
from  80  to  450  on  the  lOV^-inch  equatorial.  With  a  magni- 
fying power  of  150  it  is  most  conspicuous.  To  me  **  the  re- 
gion'* has  appeared  somewhat  smaller  of  late,  as  if  the 
shadow  of  the  ball  was  encroaching  upon  the  white  spot. 

I  do  not  think  the  contrast  theor}^  will  explain  this  white 
spot,  for  an  observation  made  a  few  nights  ago  through 
large  thin  clouds  proved  that  the  white  region  was  intrin- 
sically brighter  than  the  rest  of  the  ring.    I  regard  the  obser- 
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vation  as  a  fortunate  and  valuable  one.  These  large  drift- 
ing clouds  acted  like  a  graduated  photometric  wedge  of 
colored  glass,  gradually  obscuring  the  planet  and  as  grad- 
ually allowing  it  to  reappear.  In  every  case  the  white 
spot  was  the  last  to  disappear  at  the  planet's  obscuration, 
and  the  first  to  reappear  as  the  planet  became  visible. 

WILLIAM  R.   BROOKS. 

Smith  Observatory,  Geneva,  N.  Y.. 
April  19,  1889. 


The  Harvard  Party  Photographs  of  January  EcHpse,  We 
have  had  the  pleasure  of  seeing  two  of  the  photographs  of 
the  Harvard  College  Eclipse  party  who  observed  at  Nor- 
man, California,  Jan.  1,  1889.  These  pictures  w^ere  sent  us 
not  long  ago  by  Professor  W.  H.  Pickering,  from  Los  Ange- 
les. The  smaller  picture  was  taken  with  a  telescope  of  5  in- 
ches aperture  and  91  inches  focus,  and  shows  the  black  disk 
of  moon  seven-eights  of  an  inch  in  diameter.  The  polar  fila- 
ments are  distinctlv  seen  and  the  four  lateral  streamers  are 
fairly  well  marked. 

The  larger  picture  was  received  later  and  is  the  finest  pho- 
tograph of  the  solar  corona  we  ever  saw.  This  picture  was 
obtained  by  the  aid  of  the  13-inch  photographic  telescope, 
and  shows  th^  diameter  of  the  moon's  disk  to  be  1%  inches, 
w^ith  streamers  traceable  to  a  distance  somewhat  more  than 
the  moon's  diameter.  The  plate  used  was  a  Carbutt  A, 
grade  of  sensitiveness  12,  and  was  exposed  10  seconds, 
between  the  38th  and  48th  seconds  after  second  contact. 
Those  beautiful  polar  ra3^s  must  stand  out  on  the  original 
negative  with  charming  delicacy,  because  they  are  so  well 
shown  in  this  picture.  We  congratulate  Professor  Pickering 
on  the  success  of  his  photographic  work  of  the  late  eclipse. 


Observatory  at  It)wa  College ^  GrinnelL  A  recent  letter 
from  Professor  Buck,  by  whose  earnest  labors  an  Observa- 
tory- has  been  recently  equipped  for  Iowa  College,  informs  us 
that  a  time  service  for  the  city  of  Grinnell  is  already  in  oper- 
ation. He  has  contrived  an  ingenious  device  by  which  the 
steam  whistles  in  the  city  may  be  blown  daily  that  the  Ob- 
servatory time  may  be  known.  This  is  now  done  by  a  push- 
button in  Professor  Buck's  study. 
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Occultation  of  Jupiter,  The  occultation  of  Jupiter  by  the 
moon  March  23,  was  observed  here  with  the  lOVi-inch  equa- 
torial. The  sky  was  very  clear,  and  the  images  fairly  stead}', 
considering  the  low  altitude  of  the  objects.  The  first  con- 
tact was  noted  bv  me  at  ISA  45/n  47s  local  sidereal  time 
(corrected  for  clock  error).  The  last  contact  at  emersion 
was  recorded  at  19/i  37/n  31s. 

My  3'oung  daughter,  Anna  Caroline  (now  eleven  years  of 
age,  and  whom  I  trust  I  may  be  allowed  to  say  manifests 
a  promising  ability  for  precise  observation),  observed  the 
phenomena  with  the  3-inch  finder  of  the  large  instrument, 
and  "independently  recorded  the  first  contact  one  second 
earlier  than  above.  After  geometrical  contact  kt  immersion 
the  moon's  limb  seemed  to  me  to  become  indented,  to  give 
waj',  so  to  speak,  before  the  planet,  so  that  the  limb  of 
Jupiter  appeared  visi!}le  nearh'  three  seconds  after  true  geo- 
metrical contact.  Although  observed  in  bright  sunshine, 
Jupiter  appeared  very  distinct  and  the  belts  were  plainly 
visible.  Magnifs'ing  powers  used  were  80  diameters  by  my- 
self on  the  lOVi-inch ;  and  'iO  bj'  Anna  on  the  3-inch  finder. 

WILLIAM  R.   BROOKS. 

Smith  Observatorv,  Geneva,  X.  V. 
March  25,'l889. 

Astronomical  Society  Proposed,  The  GlobC'Dcmocrat  of 
St.  Louis  recently  contained  the  following  item  from  Mr.  F. 
H.  Burgess : 

Yonrsugy^ention  ina  recent  issue,  that  wealthy  St.  I-rOuisans  should  endow 
an  astronomical  Ol>servatory  here,  deserved  more  attention  than  it  seems  to 
have  received.  The  excellent  work  done  by  the  St.  Louis  party  in  the 
ecli}>sc  expedition  shows  that  we  have  astronomical  ability  here  of  the 
highest  order,  only  it  needs  encouragement.  I  sujj^jest  first  the  formation 
of  an  Astronomical  Society  to  awaken  an  interest  in  the  subject,  and  I 
should  hc>(lad  to  receive  the  addresses  of  any  who,  like  myself,  are  students 
of  the  "sublime  science,**  and  would  like  to  c«)me  together  and  see  what  can 
be  done  in  the  line  of  your  excellent  sn^^gestion. 

The  Great  Telescope  for  Los  Angeles,  Cal.  The  following 
note  was  taken  from  the  Aha  California  of  Feb.  28.  1889: 

The  great  teIe«cope  which  it  is  ])roiK>sed  to  put  ujKin  Wilson's  Peak,  near 
Los  Angeles,  will  perhai)s  not  l)e  built,    .\lvan  Clark,  who  was  invited 
there  by  the  trustees  of  the  University  of  Southern  California  to  look  over 
the  grotnid  and  consider  the  practicability  of  the  scheme,  made  a  favorable 
report  and  named  a  price  of  less  than  $200,000  to  erect  a  4-0-inch  lens  instru- 
ment and  neces8ar>'  accessories.    But  that  offer  was  not  accepted.    There  is 
not  much  more  than  $200,^>oO  available  to  spend  upon  the  entire  Observa- 
torr,  and  the  pnrchase  of  the  telesco]x;  is  not  more  than  half  the  expense. 
Mrl  Clark  left  Los    Angeles    without    an    order,    and    the    scheme    will 
probably  never  \ye  carrie<1  out. 
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The  Chamberlin  Observatory,  The  building  for  this  Ob- 
servatory will  be  begun  in  a  few  weeks ;  it  is  to  be  situated 
six  miles  from  the  heart  of  Denver,  cm  a  plat  of  ground  con- 
taining two  blocks.  It  will  be  constructed  of  lava  stotje; 
the  length  is  65  feet,  and  the  extreme  depth  45  feet.  A  steel 
dome,  37  feet  in  external  diameter,  andhavingits  summit  45 
feet  above  the  ground,  will  surmount  it.  The  chief  rooms 
are  the  library,  computing  room,  director's  office,  instru- 
ment room,  transit  room,  clock  room,  dome  room  with  the 
observer's  room  adjoining  it,  photographic  dark  room  and 
janitor's  room. 

The  disks  for  the  20-inch  object-glass  are  almost  ready 
in  the  optical  works  of  Mantois.  The  Clarks  will  grind  the 
lens.  Fauth  &  Co.  of  Washington  have  the  contract  for  the 
large  equatorial  mounting,  and  have  begun  its  construction. 
It  will  be  the  first  new  instrument  to  be  equipped  with  Saeg- 
muller's  finding  circles,  at  the  e3'e-end.  This  firm  wnll  also 
furnish  the  Observatory  with  a  six-inch  equatorial  mounting 
(glass  by  Brashear),  a  three-inch  meridian  circle,  two  stand- 
ard clocks,  a  chronograph,  two  micrometers,  and  several 
other  subsidiary  instruments. 

The  crown  lens  of  the  large  object  glass  will  be  reversible, 
for  photography.  The  Observatory  will  be  a  department  of 
the  University  of  Denver,  to  which  Mr.  H.  B.  Chamberlin,  its 
founder,  will  present  it. 


The  White  Spot  on  Saturn.  On  the  evening  of  March  26, 
Professor  H.  L.  Smith,  of  Hobart  College,  Geneva,  N.  Y.,  ex- 
amined the  white  spot  on  Saturn  with  his  Spencer  telescope 
of  4%.  inches  aperture,  35%  inches  focal  length,  with  powers 
from  100  to  350.  His  report  is  that  he  cannot  niake  up  his 
mind  that  the  phenomenon  is  anything  more  than  the  effect 
of  contrast  of  the  shadow  and  the  ring,  3'et  it  seems  a  little 
too  conspicuous  to  be  explained  in  that  way  only. 

March  24th  another  verj-  skillful  observer  tried  the  white 
spot  on  Saturn  and  was  unable  to  see  an^'thing  unusual. 
B}'  the  aid  of  the  spectroscope  this  observer  could  see  G.  F. 
b  E.  D.  and  C?  (a  strong  line  in  the  red)  with  perfect  cer- 
tain tj',  and  with  glimpses  of  a  multitude  of  lines  more  in  the 
yellow,  green  and  blue,  but  could  not  find  any  traces  of 
bright  lines. 
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Notch  in  the  Terminator  of  Venus,  William  Edward 
Wood  of  U.  S.  Architect's  office,  Washington,  D.  C,  while 
observing  Venus  March  13,  with  3Vi-inch  refractor,  with 
various  eye-pieces,  including  a  Steinheil  achromatic,  believes 
he  saw  a  notch  in  the  terminator  about  one-fifth  of  the  wav 
from  the  north  horn  inward  toward  the  south  horn.  Special 
care  seetns  to  have  been  given  to  the  observation  to  assure 
its  faithfulness  and  the  distinctness  of  the  notch  remained. 
Subsequent  observations  of  the  terminator  by  several  as- 
tronomers with  good  instruments  fail  to  show  the  notch  de- 
scribed ;  but  this  might  happen  on  account  of  the  change  of 
the  terminator.  The  observation  is  mentioned  that  astron- 
omers generally  may  consult  their  note  books  for  further 
information  at  or  near  the  date  March  13. 


Astronomical  Clock  Record.  Frequently  from  time  to 
time,  we  have  requests  for  information  concerning  the  per- 
formance of  good  astronomical  clocks,  bj'  persons  with  and 
without  experience  in  accurate  time-keeping.  As  an  example 
of  good  work  in  this  direction  we  append  the  record  of  an 
astronomical  clock  owned  bv  Mr.  Chas.  H.  Rockwell,  Tarrv- 
town,  X.  Y.,  for  a  brief  ]3eriod  during  last  year.    The  clock  is 

the  Pond  Motor,  Gerr^'  escapement,-  with  a  Rockwell  pendu- 
lum. 

IHH^.  Correctitjfi.  Pnily  rate.        IHhH.  Correction.   Iiaily  rale. 

Au>]^ust         24-  —2.289  Sctixrin!)er  21           2.373  -f0.012 

26  2.353  -!-o.()32                              24-           2.H03  0.011 

30  2A0n  0.03«>  OctolKr.          4-           2.033  —0.057 

Sq)teml>er      5  2.700  o.()34-                               S           2.178  -0.030 

13  2.-I-71  — 0.()29  ( ()l)li;[j:c(l  to  stop  the  clock.) 

Persons  desiring  further  information  will  find  Mr.  Rock- 
well always  an  interested  and  helpful  correspondent. 

Double  Star  Observations  bv  S.  \V.  Burnham,  of  Lick  Ob- 
servatory.  A  paper  containing  the  observations  of  double 
stars,  new  and  old,  made  by  S.  \V.  Burnham,  astronomer  at 
Lick  Obser\'ator\',  during  August,  September  and  October  of 
1888  has  been  received.  The  new  double  stars  were  discov- 
ered and  measured  by  the  12-inch  or  36-inch  equatorial  be- 
longing to  the  Observatory.  The  pa]>er  is  entirely  devoted 
to  objects  of  special  interest  in  this  branch  of  astronomy. 

New  Instruments  for  the  Chamberlin  Obser\'atory.  In 
connection  with  our  note  on  the  late  work  of  Messrs.  Fautli 
&  Co.,  Washington,  D.  C,  in  last  month's  issue,  we  inadver- 
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tently  omitted  to  mention  that  the  company  had  been 
awarded  the  contract  for  furnishing  a  large  part  of  the  in- 
struments of  the  new  Chamberhn  Observatory-  of  the  Uni- 
versit3'  of  Denver,  Colorado.  Messrs.  Fauth  &  Co.  are  to 
make  the  mounting  for  the  20-inch  equatorial,  to  furnish  a 
3-inch  transit  circle,  chronograph,  sextant  with  artificial 
horizon,  mean  time  clock,  mounting  for  6-inch  equatorial,  a 
solar  transit  level  and  a  spherometer.  These  instruments 
will  be  finished  in  the  best  style  of  workmanship  and  some 
of  them  will  have  improvements  recently  devised  by  the 
company  that  are  new,  convenient  and  apparenth'  very 
useful. 

Death  of  William  TempeL  We  were  pained  to  learn,  some 
days  ago,  b}-  kindness  of  Charles  W.Dunn  of  Florence,  Italv, 
of  the  death  of  Professor  William  Tempel,  Director  of  the 
Arcetri  Observatory.  This  sad  event  took  place  on  the  16th 
of  February,  after  a  long  and  painful  illness.  A  brief  sketch 
of  the  life  and  work  of  Professor  Tempel  will  be  given  in  a 
later  number  of  this  journal. 


BOOK   NOTICES. 


A  Treatise  on  Tri^oiioinetrv,  1t\'  Professors  Oliver,  Wait  and  Jones  of  Cor- 
-  nell  University.    Ithaea',  X.'V.:  Dudley  F.  Finch,  Publisher,  1SS9. 

The  first  edition  of  this  book  was  published  in  1881.  Its 
plan  was  first  outlined  by  Professor  Jones,  and  submitted 
to  the  other  professors  of  the  Universitj'  whose  names  are 
given  above.  After  full  discussion  of  its  plan,  the  first  edi- 
tion was  published  as  the  joint  production  of  all.  During 
the  last  eight  years  this  text  has  been  used  in  Cornell  Uni- 
versity, going  through  one  re\Hsion  in  the  meantime.  We 
have  now  before  us  a  second  revision  which  bears  the  date 
of  1889  on  its  title  page.  From  a  comparison  of  this  with 
the  first  edition,  we  find  so  man}-  and  so  important  changes 
that  it  mav  be  fairlv  said  to  be  whollv  rewritten,  and  that 
virtualh'  the  book  is  a  new  one.  In  the  earlier  part  of  it, 
the  matter  is  made  more  simple  and  direct,  and  vastly  im- 
proved in  our  judgment  for  use  in  the  class-room.  Further 
on,  we  find  new  matter  in  the  wa3'  of  applications  of  trig- 
onometr\'  to  surveying,  astronomy  and  navigation,  which 
will  serve  a  good  purpose  for  those  students  who  have  the 
time  to  follow  up  the  branch  in  this  way,  and  to  learn  some- 
thing of  the  vast  range  of  mathematical  physics  herein  su^ 
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gested.  The  discussion  of  the  general  triangle,  plane  and 
spherical,  is  an  interesting  feature  in  this  book,  and  one  that 
the  college  student  ought  to  know  something  of,  before  he 
passes  on  to  other  branches  of  mathematics  in  regular 
course,  if  he  shall  at  all  have  right  notions  of  trigonometry 
as  a  science,  or  realize  its  uses  as  an  instrument  of  mathe- 
matical investigation.  The  attention  of  teachers  of  mathe- 
matics is  called  to  this  text-book  on  trigonometry'. 


Lotfaritlimic  Tables,  hv  Professor  Oeor^je  William  Jones  of  Cornell  Univer- 
sity. Published  by  Dudley  F.  Finch,  Ithaca,  N.  V.,  18S0.  Flexible 
covers,  pp.  72. 

This  appears  to  be  an  excellent  book  of  tables.  Its  ar- 
rangement is  certainly  first  rate.  The  table  of  loga- 
rithms of  numbers  is  six  place,  and  for  four  figure  numbers, 
■with  right  hand  column  on  each  page  for  differences.  The 
page  is  open,  and  the  figures,  with  variety  of  face,  are  easy 
for  the  eye.  The  table  of  constants  in  natural  and  loga- 
rithmic numbers  is  unusually  full,  and  gives  latest  values,  so 
far  as  we  know.  The  arrangement  of  the  trigonometric 
tables  so  as  to  place  natural  and  logarithmic  numbers  side 
by  side,  is  unusual,  but  these  tables  present  this  so  neatly 
and  well  as  to  give  convenience  without  confusion.  To 
promote  the  detection  of  errors  in  these  tables  Professor 
Jones  offers  one  dollar  for  the  first  notice  of  each  error. 


The  Student's  Atlas  in  twelve  Circular  Maj)s.  On  a  Tniform  Projection  and 
one  scale.  With  two  Index  Ma])s.  intended  as  a  Vnde-Mecum  for  the 
Student  of  History,  Travel,  Geo;^rai)hy,  (ieolo^jy.  and  Political  licono- 
my.  By  Richard  A.  Proctor.  Publishers.  Messrs.  Lon;;jmans,  Green  & 
Co.,  London.    Also  New  York,  15  Hast  16th  Street.     1S89. 

This  atlas  was  prepared  by  Mr.  Proctor,  in  the  course  of 

J>is  studies,  to  meet  his  own  wants  as  a  student,  in  the  de- 

^^ire  to  form  exact  ideas  of  the  relations  of  diflFerent  parts  of 

'^he  earth's  surface  to  each  other.    The  one  scale  in  all  the 

^^^aps  is  a  new  feature  and  deserves  attention  because  not 

in   general  use  by  those  who  have  been  esteemed  the  best 

^nakers  of  atlases  for  geography.    The  way  Mr.  Proctor 

"^atne  to  adopt  the  one  scale  for  all  his  terrestrial  maps  was 

'partly  accidental.    In  preparing  projections  of  the  earth  for 

liis  ** Seasons  Illustrated"  the** Old  and  New  Astronomy*' 

-^nd  ** Studies  of  the  Transits  of  Venus,''  he  found  the  one- 

;scale  plan  much  more  convenient  and  satisfactory  than  that 
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in  use  in  ordinary  atlases,  and  so  it  was  adopted,  and  the 
terrestrial  maps  needed  for  his  numerous  publications  were 
so  made.    The  maps  of  this  atlas  are  reductions  from  those 
prepared  for  earlier  works.    They  are  circular  and  have  a 
diameter  of  nearly  seven  inches,  are  printed  in  colors,  show 
prominent  physical  features,  names  of  prominent  places  in 
clear  type,  and  have  on  the  back  of  each  map  its  contents  as 
a  convenient  reference  title.    The  index  maps  are  also  an  in- 
teresting feature,  showing  at  a  glance  how  the  six  ^naps 
belonging  respectively  to  the  northern  and  southern  hemi- 
spheres are  related  to  one  another.    As  a  whole  we  do  not 
know  of  an  atlas  so  convenient  and  handy  in  form  as  this, 
and  therefore  commend  it  to  the  attention  of  students  gen- 
erally. 

Lessons  in  Elementary  Mechanics  by  W.  H.  Grieve,  P.  S.  A.  Publishers, 
Messrs.  Longmans,  Green  &  Co.,  London.  .\lso,  New  York,  15  East 
16th  Street. 

Wc  have  before  us  two  small  books  which  were  prepared 
by  Professor  Grieve  to  meet  the  need  of  the  separate  stages 
of  instruction  in  mechanics  or  elementary  natural  philos- 
ophy, as  defined  by  what  is  known  as  the  schedule  of  the 
New  Code  in  use  in  the  various  schools  under  the  school 
board  of  the  city  of  London. 

The  book  designed  for  the  third  stage  has  for  its  subject 
matter  the  simple  mechanical  powers,  liquid  pressure,  the 
h3'drostatic  press,  liquids  under  the  action  of  gravity,  the 
parallelogram  of  forces  and  velocities,  with  numerous  ex- 
amples under  each  topic.  The  language  is  simple  and  direct, 
and  the  illustrations  and  cuts  well  chosen. 

The  second  book  for  the  second  stage  is  more  difficult  and 
deals  with  matter  in  motion,  the  weight  of  a  body,  its  in- 
ertia and  momentum,  measures  of  force,  work  and  energy'-, 
energy  may  be  transformed,  but  can  not  be  destroyed,  and 
heat  as  a  form  of  energy'. 

The  methods  employed  in  tracing  these  themes  are  essen- 
tiallv  the  same  as  in  the  other  book.  No  mathematics  above 
the  common  arithmetic  is  needed  to  perform  the  examples. 
The  review  questions  at  the  close  of  each  chapter  are  an  ex- 
cellent feature  of  this  stage,  not  only  on  account  of  points 
raised  in  them,  but  also  others  which  are  easily  suggested  by 
them. 
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THE  WAVE  LENGTH   OF   LIGHT    AS    A    PRACTICABLE   AND  A 

FEASIBLE  STANDARD  OF  LENGTH. 

•  

PR0FBS80R8  A.  A.    MICHABL^ON   AND   B.  W.  MORLBY. 
For  Thb  Mbmbmobk. 

Our  experiments  have  now  shown  that  our  method  of 
making  the  wave  length  of  light  of  some  definite  refrangi- 
bility  a  practical  standard  of  length  is  perfectly  feasible. 
Several  steps  are  involved. 

I.  We  prepare  a  metallic  bar  carrying  two  parallel  plane 
mirrors,  whose  distance  is  as  great  as  that  at  which  we  can 
get  well  defined  interference  between  two  pencils  of  light. 
We  have  found  that  this  distance  is  certainly  as  much  as  an 
eighth  of  a  metre  and  may  be  a  quarter  of  a  metre. 

II.  The  distance  between  the  two  planes  is  determined  in 
terms  r»f  the  yard  or  metre.  Our  apparatus  for  this  com- 
parison may  be  called  the  Interferential  Comparer.  We  have 
not  yet  used  it  for  the  final  comparisons  required  in  our 
method,  but  we  have  had  it  in  daily  use  for  subsidiary  com- 
parisons, and  have  just  confidence  in  the  feasibility  of  mak- 
ing determinations  of  great  accuracy. 

III.  The  whole  number  of  wave  lengths,  say  of  sodium 
light,  contained  in  the  distance  between  the  two  planes  of 
our  intermediate  standard  (I)  is  determined.    On  a  stand- 
ard called  E,  we  have  repeated  this  determination  by  en- 
tirely different  steps,  and  by  different  observers;  the  results 
>werc  26502,  26502,  26502.    The  method  by  which  we  make 
this  determination  by  measurements  of  fractions,  with  no 
enumeration  of  whole  numbers  may  be  briefly  described. 
IflTc  prepare  a  set  of  intermediate  standards  whose  lengths 
are  nearly  as  the  numbers  1,  2,  4,  8,  16,  etc.    We  compare 
(16)  with  the  metre,  (8)  with  (16),  (4)  with  (8),  etc.    It  is 
easy  to  get  the  length  of  each  within  one-fifth  of  a  wave 
length.    For  instance,  (1)  =  0.4S91mm  ±  O.OOOlinin.    Now 
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the  determinations  byother  methodsof  the  wave  length  of  D, 
show  that  in  double  this  length,  the  number  of  waves  is 
1659.1  ±  .2  {i  =  5896.08).  We  measured  this  fraction  di- 
rectly, in  the  refractoraeter  previously  described  by  us;  it 
was  .01  instead  of  .10;  the  corrected  number  is  therefore 
1659.01.  With  this  corrected  vahie,  we  found  double  (2)  to 
contain  3314.22  wave-lengths;  and  correcting  the  fraction, 
3314.27.  In  this  way  we  have  gone  in  triplicate,  with  five 
different  kinds  of  light,  to  numbers  ranging  (for  these  differ- 
ent kinds  of  Hght,  but  for  the  same  intermediate  standard 
between  23270  and  35815;  and  in  duplicate  to  numbers  four 
times  as  large  for  four  kinds  of  tight. 

IV.  The  measurement  of  fractions  mentioned  above  may 
be  made  in  various  ways.  We  have  often  made  it  consist  in 
measuring  the  diameter  of  circular  interference  fringes  by 
means  of  the  filar  micrometer.  In  this  way  it  is  not  diffi- 
cult to  make  determinations  trustworthy  to-^*,  as  far  as 
optical  errors  are  concerned.  Sometimes  we  make  it 
consist  in  shortening  the  effective  path  of  one  of  the  in- 
terfering rays  by  a  minute  of  angular  motion  of  a  certain 
part  of  the  apparatus,  and  measuring  this  motion  by  the 
torsional  couple  required  to  produce  it.  Tliis  method  we 
find  capable  of  almost  incredible  precision. 

V.  As  a  somewhat  tangible  evidence  of  the  feasibility  of 
our  method,  we  may  use  our  data  for  the  inverse  problem  of 
determining  wave  lengths.  The  results  of  two  entirely  in- 
dependent series  of  determinations  by  one  of  us,  and  of^ 
by  the  other,  are  as  follows : 


11 
III 

Na. 
589l!.08 
5896.08 
5896.09 

Li. 

(;707.98 
6708.00 
6708,00 

Hg.. 
5790.70 
5790.67 
5790.68 

Hg, 
5+60.85 
54-60.85 
.5460.85 

+358.42 
4358.43' 
4336.41^ 

Mean 

5896.083 

6707.993 

5790.683 

5460.S50 

4358.417* 

I 


VI.  We  feel  a  reasonable  confidence  that  the  number  of 
wave  lengths  in  (16)  is  known  to  one  part  in  a  million  as  a 
result  of  our  early  experience  with  apparatus  devised  in  a 
tentative  way.  We  feel  a  reasonable  confidence  that  this 
distance  may  be  made  eight-fold  or  sixteen*foId  longer,  with 
a  proportionate  increase  in  precision.  We  think  we  have 
the  right  to  hope  that,  with  better  apparatus,  and  with  the 
benefit  of  the  experience  already  gained,  the  work  of  estab- 
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lishing  a  material  standard  a  metre  in  length  whose  length 
in  wave  lengths  is  known  to  a  millionth  or  even  a  ten- 
millionth  may  be  effected  with  ease  and  certainty. 

In  regard  to  the  relative  motion  of  the  earth  and  the 
Inminiferous  ether,  I  have  only  to  say  that  the  observations 
of  July  were  repeated  in  November  and  December,  with  the 
result  that  if  any  relative  motion  between  the  earth  and  the 
luminiferous  ether  can  be  detected  by  such  experiments,  its 
amount  is  less  than  one-sixth  of  the  absolute  motion  oi  the 
earth. 

Cleveland,  May  13,  1889. 


A  NOTE  ON  DOUBLE-STARS. 


W.   H.   S.   MONCK,   DUBLIN,    IRELAND. 
For  Thb  Mbssbxobk. 

That  the  great  majority  of  double-stars  are  physically 
connected,  although  their  motions  may  be  so  slow  as  to 
have  escaped  detection  up  to  the  present,  seems  certain. 
Not  only  are  these  stars  as  a  rule  closer  together  than  the 
doctrine  of  chances  will  account  for,  but  they  exhibit  pecul- 
iarities which,  in  the  case  of  casual  connection,  would  be 
whollj'  inexplicable.  Thus  it  has  been  noticed  that  no  blue 
or  green  star  of  decided  tint  has  been  found  save  in  imme- 
diate connection  with  a  brighter  star  of  a  different  color ; 
while  even  when  the  colors  of  the  component  pair  are  iden- 
tical another  peculiarity  is  observable,  viz.,  that  they  are 
almost  equally  bright,  the  brightness  being  usually  very  dif- 
ferent when  the  colors  are  so.  Why  physical  connection 
leads  to  these  peculiarities  is  indeed  unknown,  but  that  they 
should  have  been  produced  by  mere  casual  arrangement  ap- 
pears incredible.  Common  proper  motion  also  frequently 
reveals  the  existence  of  physical  connection.  A  few  chance 
coincidences  in  direction  between  stars  situated  at  very  dif- 
ferent distances  from  us  no  doubt  occur,  but  if  we  ascribe 
one-tenth  of  the  known  double-stars  to  chance  coincidence, 
-we  shall  probably  have  made  a  ver>'  liberal  allowance,  while 
the  total  number  of  double-stars  now  known  probably 
exceeds  10,000.    How  many  more  of  the  known  stars  are 
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really  double  is  a  matter  for  further  conjecture.  The  oi(>- 
lions  of  Procyon  are  strongly  suggestive  of  a  compaoion 
not  yet  discovered,  as  those  of  Sirius  were  before  the  satel- 
lite was  detected.  The  class  of  variable  stars  known  as  the 
Algol-type  probably  possess  satellites  which  intercept  a 
considerable  part  of  their  light  at  each  transit.  It  would 
be  difficult  to  name  a  star  with  a  decided  measurable  paral- 
lax which  is  known  to  be  single;  and  as  any  double-star 
would  appear  single  if  removed  to  a  sufficient  distance,  the 
apparent  singleness  of  a  very  distant  star  affords  no  arga- 
nieiit  against  its  duplicity.  It  is.  at  all  events,  possible  that 
double-stars  may  prove  to  be  the  rule  and  single  stars  the 
exception. 

It  is  somewhat  singular  that  neither  the  brightness  nor 
the  elements  of  a  double-star  afford  any  direct  indication  of 
its  distance  from  us.  For  let  us  replace  any  pair  by  another 
pair  situated  precisely  in  the  same  direction  at  I  of  the  dis- 
tance from  us,  with  masses  equal  to  ^,  of  those  of  the  stars 
which  they  replace.  The  angular  distance  being  the  same  as 
before,  the  true  distance  of  this  pair  will  be  I-  of  that  of  the 
former,  and  the  periodic  time  will  be  unaltered.  Moreover, 
assuming  the  new  stars  to  be  of  the  same  density  as  the  old 
ones,  and  the  surfaces  to  be  equally  bright,  each  star  will 
have  the  same  magnitude  as  before,  the  illuminated  surface 
being  ^  of  the  former,  while  the  light  of  each  unit  of  surface 
will  be  multiplied  by  rf.  owing  to  the  nearer  distance.  The 
ordinary  mode  of  measuring  the  distances  and  angles  would 
fail  to  afford  any  distinction  between  the  old  and  new 
binarj-  systems,  and  we  may  in  fact  replace  any  giren 
binary  system  by  an  equivalent  system  at  any  distance,  so 
long  as  no  attempt  is  made  to  determine  the  parallax  (as- 
suming also  that  no  light  is  lost  in  transmission.) 

It  is  owing  to  this  property  of  binarj-  systems  that  we 
can  compare  what  I  may  term  the  intrinsic  brilliancy  of  any 
two  systems  whose  orbits  are  known.  Suppose,  for  in- 
stance, that  we  desire  to  compare  the  intrinsic  brilliancy  of 
Sirius  (and  satellite)  with  that  of?-  Leonis,  According  to 
the  Harvard  Photometry  the  difference  in  magnitude  is  3.61 
<the  Oxford  measurements  make  it  less),  whence  it  readily 
appears  that  the  light  of  Sirius  is  27.68  times  as  intense  as 
that  of  r  Leonis.    Replace  r  Leonis  by  an  equivalent  pair  at 
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the  distance  of  Sirius.  Now,  according  to  Mr.  Mann  (Side- 
R£ALr  Messenger  for  January,  1888,  the  semi-axis  major  of 
the  Sirian  ellipse  is  21''.8,  and  the  period  51.22  years,  while 
Doberck  gives  for  the  semi-axis  major  of  the  Leonid  ellipse 
1''.98,  and  for  the  period  407.4  years.  The  relative  masses 
of  Sirius  and  the  pair  equivalent  to  r  Leonis  are  therefore  as 
M^2  ^o  /J^7^i)-2>  or  about  84436  to  1.  The  excess  of  mass 
is  thus  3000  times  as  great  as  that  of  light,  and  assuming 
the  density  to  be  equal,  the  extent  of  illuminated  surface 
will  be  proportional  to  the  masses  raised  to  the  power  %,  or, 
in  this  case,  1925  to  1.  The  unit  of  surface  is  therefore,  on 
this  supposition,  66  times  as  bright  for  r  Leonis  as  for  Sirius. 
The  only  way  of  avoiding  this  conclusion  appears  to  be  to 
assume  that  r  Leonis  is  composed  of  much  lighter  materials . 
than  Sirius.  Sirius,  however  (as  might  be  expected  from  its 
color),  stands  by  no  means  lowest  in  the  scale  of  brightness, 
though  r  Leonis  apparently  stands  highest.  I  wished  to  in- 
dicate the  general  mode  of  comparison,  and  also  to  give  an 
estimate  for  these  two  remarkable  binaries  on  the  latest 
available  data.  The  brilliancy  of  Sirius  is,  of  course,  less- 
ened in  this  mode  of  comparison  by  the  faintness  of  its  satel- 
lite, whose  surface  is  perhaps  half  as  large  as  that  of  the 
primary ;  but  neglecting  the  light  of  the  satellite  altogether, 
r  Leonis  appears  to  be  brighter  (for  each  unit  of  surface) 
than  Sirius  in  the  ratio  of  44  to  1.  (I  confess,  however,  that 
I  think  Mr.  Mann's  value  of  the  semi-axis  major  of  the 
Sirian  orbit  is  too  large.) 

There  is  good  reason,  I  think,  for  believing  that  the  par- 
allaxes of  the  great  majority  of  double-stars  are  very  small. 
In  a  larger  proportion  of  cases  there  is  scarcely  any  per- 
cqjtible  difference,  either  in  the  position  or  the  distance,  for  a 
considerable  number  of  years,  notwithstanding  which  the 
distance  (in  angular  measure)  is  not  very  great.  A  first  ap- 
proximation may  be  made  in  such  cases  b\'  supposing  the 
orbit  to  be  circular.  Most  probably  it  is  not  so,  but  if  the 
period  is  less  than  that  computed  on  the  assumption  of  a 
circular  orbit  the  mean  distance  will  also  be  less,  and  if  the 
period  is  greater  the  mean  distance  will  be  greater.  As  re- 
gards mass  and  parallax  therefore  the  necessary  connections 
(which  will  no  doubt  be  made  hereafter)  tend  to  neutralize 
each  other,  while  the  substitution  of  the  true  for  the  appar- 
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ent  orbit  will  in  all  cases  increase  the  distance  and  thus  re- 
duce the  mass  and  parallax  computed  on  the  assumption  of 
a  circular  orbit  whose  plane  is  at  right  angles  to  the  Hue  of 
sight.  I  take  a  few  examples  to  illustrate  the  consequences 
of  this  assumption.  The  first  is  the  star  6  Cygni,  for  which 
Sir  Robert  Ball  found  a  parallax  of  0".'t82,  while  Professor 
Asaph  Hall  obtained  a  negative  parallax  \vith  the  same 
comparison  star.  According  to  the  measures  in  Crossley. 
Gledhill  and  Wilson's  Handbook  of  Doable-Stars  the  angular 
distance  has  remained  nearly  constant  at  about  10"  for 
over  forty  years.  During  this  period  the  angle  described  is 
4^.3,  which  a  critical  examination  seems  more  likely  to  re- 
duce than  to-inerease  (I  have  no  recent  measurements  of  this 
interesting  pair  at  hand).  A  period  of  3.600  years  with  a 
mean  angular  distance  of  10"  is  thus  indicated.  The 
equivalent  parallax  (as  I  termed  it  in  mj'  former  article,  or 
hypothetical  parallax,  if  the  phrase  be  preferred)  for  such  an 
orbit  is  0".04-2.  If  Sir  Robert  Ball's  parallax  is  correct  the 
mass  of  this  binary  pair  probably  does  not  exceed  that  of 
Jupiter.  It  is  possible,  however,  that  while  Ball's  parallax  is 
too  large  Hall's  is  too  small.  With  a  parallax  of  0". 042  lh« 
proper  motion  of  the  star  in  declination  alone  exceeds  15 
radii  of  the  earth's  orbit  in  the  year.  It  may  be  worth  while 
before  leaving  this  star  to  compare  its  brilliancy  i\Hth  that 
of;-  Leonis.  An  equivalent  pair  to  ^  Leonis, placed  at  the  dis- 
tance of  6  Cygni,  would  contain  only  about  %  of  the  ma«s 
(on  the  above  assumption  as  to  the  orbit  of  6  Cygni)  of  the 
latter  star;  but  the  difference  in  magnitude  being  about  3.8, 
r  Leonis  gives  at  least  33  times  as  much  light.  The  contrast 
is  almost  as  striking  as  in  the  case  of  Sinus, 

I  have  referred  to  6  Cygni  chiefly  as  an  interesting  star, 
for  there  are  comparatively  few  double-stars  situated  at  a 
distance  of  10"  whose  angularmotion  can  be  detected  at  all. 
As  a  tyjje  of  another  class  in  which  angular  motion  can  be 
detected  I  take  the  first  star  in  the  Handbook,  i'  3063.  Ob- 
servation indicates  a  period  of  at  least  1,400  years  with  a 
mean  distance  of  1",8  (which  has  hardly  altered  for  half  n 
centurj').  The  equivalent  (or  hypothetical)  parallax  here  is 
only  0".015.  In  69  Andromedse  the  distance  is  only  about 
5",  and  yet  40  years  have  produced  no  perceptible  change  in 
the  angle.    If  we  allow  a  motion  of  1^  in  40  years  (and  it 


A  Note  on  Double-Stars.  247 

• 
may  be  much  less  than  this),  we  should  obtain  a  period  of 

over  14,000  years  for  revolution  in  a  circular  orbit  and  an 
equivalent  parallax  of  less  than  the  hundredth  part  of  a 
second.  But  in  -59  the  angular  motion  appears  to  be 
equally  slow,  while  the  angular  distance  is  little  more  than 
2",  thus  suggesting  a  still  smaller  parallax.  One  of  the  best 
known  double-stars  is  Mizar,  in  the  Great  Bear.  It  is  doubt- 
ful whether  any  angular  motion  has  been  observed  since  its 
duplicity  was  first  detected,  much  more  than  a  century 
since.  The  distance  of  the  components  is  indeed  consider- 
able, but  still  the  equivalent  parallax  must  be  very  small. 
On  the  assumption  of  circular  orbits,  the  equivalent  paral- 
laxes for  the  pair  e,  c,  Lyrae  are  about  0''.020  and  0''.026 
respectively.  As  their  distances  from  us  are  probably  nearly 
equal  it  may  be  conjectured  that  the  mass  of  £,  is  some- 
what greater  than  that  of  c,.  For  the  Pole  star  the  meas- 
ures are  uncertain,  but  on  the  assumption  of  a  circular  orbit 
the  equivalent  parallax  seems  to  agree  fairly  with  the  most 
recent  determinations  of  its  actual  parallax.  In  these  latter 
instances,  however,  the  binary  stars  are  probably  nearer  to 
us  than  the  average  of  the  class  to  which  they  belong.  69 
Andromedse  and  -  59  are  more  typical  cases.  Of  the  binary 
stars  whose  orbits  are  still  undetermined,  it  seems  likely 
that  not  one  in  ten  has  a  parallax  of  0''.01.  Accurate  re- 
sults, however,  cannot  be  expected  for  some  time  to  come. 


THE  STUDY  OF  VARIABLE  STARS. 


During  the  last  four  years  Harvard  College  Observatory 
%as  given   particular  attention  to  the  study   of  variable 
9tars,  and  from  time  to  time  several  articles  have  been  pub- 
lished bv  different  astronomers  connected  with  the  Observa- 
'tory,  giving  information  as  to  methods  for  the  proper  study 
of  such  stars,  observations  of  old  and  new  variable  stars, 
and,  to  some  extent,  setting  forth  what  other  astronomers 
were  doing  in  this  comparatively  new  branch  of  astronom- 
ical observation. 

Very  recently  Professor  E.  C.  Pickering,  the  Director  of  the 
Observatory,  has  published  another  important  and  most  use- 
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ful  paper  on  this  theme,  under  the  title  of  "  Index  to  Obser- 
vations of  Variable  Stars."  This  publication  is  intended  to 
be  a  systematic  arrangement  of  observations  of  variable 
stars,  as  far  as  known,  covering  the  entire  period  from  1840 
to  the  end  of  1887.  These  observations  have  been  reported 
to  Harvard  College  Oliservatorv  chiefly  by  the  astronomers 
who  made  them,  and  are  mostly  new.  Three  large  series  of 
unpublished  observations  by  Argelander,  Heis,  and  Schmidt, 
however,  are  given  in  the  account  of  the  separate  series,  and 
they  are  important  because  of  their  early  date  and  the  repu- 
tali  on  of  the  observers. 

This  publication  also  contains  a  notice  of  some  others, 
especially  of  those  found  in  the  three  most  familiar  published 
series  of  observations  of  variable  stars :  Argelander's  com- 
parisons in  Vol.  VII  of  the  Bonn  observations,  those  of 
Schonfeld,  and  those  of  Oudemans. 

A  deservedly  prominent  place  in  this  account  is  given  to  the 
work  of  Mr.  S.  C.  Chandler,  who  is  author  of  a  catalogue 
of  variable  stars  which  was  published  in  Nos.  179  and  180 
of  the  Astronomical  Journal. 

The  following  statement  taken  from  this  paper  -wiW  be  of 
interest  to  those  who  would  care  to  know  the  names  of 
observers,  the  instruments,  and  something  of  the  method  of 
obser^-ations ; 

The  observations  of  Argelander,  in  the  second  part  of  Vol. 
VII  of  the  Bonn  observations,  and  also  many  yet  unpub- 
lished, a  copy  of  which  has  been  made  with  the  kind  per- 
mission of  Professor  Schonfeld  were  chiefly  made  with  the 
naked  eye  or  with  an  opera-glass ;  telescopes  were  employed 
only  in  special  cases.  The  method  of  numerical  comparison, 
by  means  of  grades  or  steps,  between  the  amounts  of  light 
received  from  different  stars,  which  was  introduced  by  Arge- 
lander, has  been  extensively  employed  by  subsequent  ob- 
seri-ers. 

Mr.  T.  W.  Backhouse,  of  Sunderland,  England.  A  refract- 
ing telescope  by  Cooke,  aperture  4^4  inches,  magni^'iag 
powers  38  and  75,  was  often  used ;  other  observations  were 
made  with  the  finder,  power  9,  and  the  rest  with  a  field> 
glass  and  similar  instruments  of  low  power,  or  with  the 
naked  eye.  The  methods  of  comparison  were  chiefly  three, 
—that  of  Argelander;  that  in  which  th*  relative  brightness 
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of  the  star  observed  is  indicated  by  a  fraction  of  the  ap- 
parent difference  between  two  comparison  stars;  and  that 
of  verbal  description,  in  which,  however,  the  words  em- 
ployed are  regarded  as  having  numerical  values. 

Mr.  Joseph  Baxendell,  of  Birkdale,  Southport,  England. 
The  telescope  used  in  the  observations  was  an  achromatic 
refractor  by  Cooke,  aperture  6  inches ;  the  magnitudes  of  the 
variables  were  determined  by  comparisons  with  neighboring 
stars  whose  magnitudes  had  been  determined  by  the  method 
of  limiting  apertures. 

Mr.  Joseph  Baxendell,  Jr.  The  place,  instrument,  and 
method  of  observation  were  the  same  as  described  above. 

National  Observatory  at  Cordoba,  in  the  Argentine  Re- 
public, the  Director  of  which.  Professor  John  M.  Thome,  has 
kindly  communicated  the  facts  here  given.  The  observers  at 
Cordoba  were  Messrs.  F.  H.  Bigelow,  W.  M.  Davis,  J.  T. 
Hedrick,  Miles  Rock,  and  J.  M.  Thome. 

Mr.  S.  C.  Chandler  made  observations  in  1883  and  1884 
at  this  Observatory  with  a  telescope  by  Clacey,  aperture  6V4, 
inches,  magnifying  power  generally  45,  sometimes  125  or 
200.    The  method  of  observation  was  that  of  Argelander. 

Dr.  N.  C.  Dun6r,  of  the  Observatory  of  Lund,  Sweden.  The 
observations  were  made  by  the  method  of  Argelander. 

Mr.  John  H.  Eadie;  observations  were  made  at  Bayonne 
or  at  Madison,  both  in  New  Jersey,  by  the  method  of  Arge- 
lander. The  telescope  employed  was  made  by  John  Byrne ;  its 
aperture  was  3^  inches,  and  the  lowest  magnifying  power 
xvas  about  50.  Mr.  Eadie  acted  in  co-operation  with  Mr. 
f^arkhurst  in  a  manner  explained  below.  This  system  of  co- 
operation appears  to  be  highly  efficient  and  economical.  It 
Reserves  extension  and  general  introduction  among  observ- 
ers not  too  far  separated  for  ready  communication  with  one 
another. 

Rev.  T.  E.  Espin,  of  Wolsingham,  Darlington,  England. 
The  instruments  employed  were  a  binocular  glass  and  re- 
flecting telescopes  of  9  and  17^  inches  in  aperture,  the  last 
by  Calver.  Mr.  Espin 's  Observatory  has  recently  been  re- 
moved  to  Tow  Law,  near  Darlington. 

Large  equatorial  telescope  of  Harvard  College  Observatory. 
The  aperture  and  focal  length  of  the  instrument  are  respect- 
ivdy  15  and  279  inches.    The  magnifying  power  employed 
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was  ordinarily  103.  The  observers  were  Messrs.  Arthur 
Searle  and  0.  C,  Wendell.  The  observations  to  which  refer- 
ence is  made  were  mainly  photometric  determinations,  made 
with  the  wedge  photometer,  of  the  brightness  of  the  com- 
parison stars  known  to  have  been  employed  by  previous  ob- 
servers; but  when  the  variable  stars  themselves  were  visible, 
they  were  incidentally  compared  with  others  by  estimate, 
according  to  the  method  of  Argelander,  and  were  also  ob- 
served with  the  wedge.  This  work  is  to  be  continued ;  and 
it  is  desired  to  make  it  include  as  many  as  possible  of  the 
comparison  stars  which  have  been  employed  by  any  ob- 
server. The  Ust  now  in  use  is  chiefly  derived  from  the  pub- 
lished  work  of  Argelander,  Schonfeld,  and  Oudemans.  Ob- 
servers are  requested  to  send  lists  of  the  comparison  stars 
not  included  in  these  publications,  which  they  have  them- 
selves employed,  or  which  have  been  employed  to  their 
knowledge  by  others.  It  is  very  desirable  that  not  only  the 
places  of  these  stars,  but  also  their  designations  in  the 
Durchmusterung,  when  they  occur  in  that  Catalogue, should 
be  entered  in  the  lists  thus  sent. 

Mr.  J.  E.  Gore,  of  Ballysodare,  Ireland.  The  instrument 
was  a  binocular  field-glass  having  object-glasses  of  2  inches 
aperture,  and  a  magnifying  power  of  about  6  diameters. 
The  method  of  Argelander  was  employed. 

Dr.  E.  Hartwig,  whose  observations  were  made  at  Dorpat, 
Russia. 

Rev.  J.  G.  Hagen,  S.  J.,  of  the  College  of  the  Sacred  Heart. 
Prairie  du  Chien,  Wisconsin,  now  of  Washington,  D.  C.  The 
instrument  was  a  telescope  by  Merz.  aperture  3  inches.  The 
observations  were  made  by  the  division  into  tenths  of  the  ia- 
ten-al  between  two  comparison  stars,  and  subsequently  by 
the  method  of  Argelander.  Messrs.  Zwack  and  Zaiser  took 
part  in  the  work  as  assistants. 

Dr.  E.  Heis,  of  Miinster,  Germany.  Father  Hagen,  having 
received  from  the  family  of  Dr.  Heis  a  series  of  note-books 
containing  records  of  his  observations,  has  kindly  forwarded 
them  to  this  Observatory  for  examination.  It  has  thus  be- 
come practicable  to  include  in  the  present  publication  an 
enumeration  of  the  observations  of  variable  stars  made  by 
Dr.  Heis. 

Mr.  George  Knott,  of  Knowles  Lodge,  Cuckfield,  Hay- 
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ward's  Heath,  England.  The  telescope  was  by  Clark,  aper- 
ture 7%  inches,  with  a  finder,  aperture  2  inches.  The  vari- 
able was  compared*  with  stars  differing  little  from  it  in 
brightness;  the  magnitude  of  the  comparison  stars,  and 
sometimes  the  magnitude  of  the  variable,  were  determined 
by  the  method  of  limiting  apertures. 

Mr.  H.  A.  Lawrance,  whose  observations  will  be  men- 
tioned below  in  connection  with  those  by  Professor  W.  Up- 
ton. 

Major  E.  E.  Markwick,  of  Haulbowline,  Queenstown,  Ire- 
land. 

The  meridian  photometer  of  Harvard  College  Observatory. 
The  observers  using  this  instrument  were  Messrs.  E.  ^C. 
Pickering  and  O.  C.  Wendell.  The  magnitudes  of  the  stars 
observed  with  it  were  referred  to  a  series  of  one  hundred 
circumpolar  stars,  the  brightness  of  which  was  determined 
by  observations  described  in  Vol.  XIV  of  the  Annals  of  the 
Observatory. 

Mr.  C.  E.  Peek,  of  the  Rousdon  Observatory,  Devon,  Eng- 
land. 

Mr.  J.  Plassmann,  of  Warendorf,  Germany,  who  has  kindly 
furnished  some  observations  recently  made  by  him  with 
small  instruments. 

Mr.  Henry  M.  Parkhurst,  of  Brooklyn,  N.  Y.    The  instru- 
ment  was  a  telescope  by  Fitz,  aperture  9  inches,  and  magni- 
fying powers  56,  90,  and  150.    Many  of  the  observations 
were  made  by  the  method  of  Argelander,  others  by  photomet- 
ric apparatus  devised  by  Mr.  Parkhurst,  and  described  in 
Ais  account  of  observations  of  asteroids.    The  system  of  co- 
operation between  him  and  Mr.  Eadie  has  already  been  men- 
tioned.    Mr.  Eadie  undertook  the  observation  of  certain 
^tars  while  they  were  sufficiently  bright  to  be  well  seen  in  his 
telescope;  and  when  they  became  too  faint  for  further  ob- 
servation he  notified    Mr.    Parkhurst  to   begin  observing 
^hem.    When  they  were  again  sufficiently  bright  to  be  ob- 
^Served  by  Mr.  Eadie,  he  was  informed  of  the  fact  by  Mr. 
^^arkhurst.    This  system  permitted  each  observer  to  employ 
^lis  time  to  the  best  advantage.    It  is  hoped  that  some  as- 
"%ronomcr  having  a  large  telescope  at  command  will  under- 
^kake  similar  observations  in  co-operation  with  other  observ- 
having  smaller  telescopes. 
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Professor  Safarik,  Prague,  Austria.  The  instrument  used 
previous  to  March,  1S85.  was  a  Newtonian  reflector  6^a 
inches  in  aperture,  with  a  mirror  of  silvered  glass.  The  ordi- 
nary magnifying  powerwas  32.  The  finder  had  an  aperture 
of  3  inches,  and  a  magnifying  power  of  12.  Subsequent  ob- 
servations were  made  with  a  refractor  by  Schroder,  with  nn 
aperture  of  4-. 5  inches,  a  magnifiiHng  power  of  23,  and  a  field 
of  1°  30'.  The  obervations  were  made  by  the  method  of 
Argelander,  and  on  all  suitable  qccnsions  the  colors  of  the 
stars  were  observed  upon  Schmidt's  scale. 

Mr.  T.  S.  H.  Shearmen,  of  Brantford.  Canada.  The  in- 
struments employed  were  an  opera-glass  and  a  two-inch 
refractor.  Each  variable  was  compared  with  stars  differing 
little  from  it  in  brightness.  Many  suspected  variables  have 
been  photographed. 

Mr.  E.F.  Sawyer,  of  Cambridgeport,  Mass.  TheobservB- 
tions  were  made  according  to  the  method  of  Argelander.  by 
means  of  an  opera-glass  for  the  brighter  stars,  and  of  a  fidd- 
glass  for  the  others. 

Professor  J.  F.  J.  Schmidt,  of  the  Athens  Observatory, 
whose  extensive  observations  of  variable  stars  are  preser\-ed 
in  manuscript  at  the  Potsdam  Observatory.  Professor 
Vogel,  the  Director  of  that  Observatory,  has  kindly  facili- 
tated the  copying  of  these  observations,  and  the  copy  has 
been  transmitted  to  this  Observatory. 

Professor  Winslow  Upton,  of  Brown  University,  Provi- 
dence, Rhode  Island.  The  observations  here  mentioned  were 
made  by  Professor  Upton  during  an  expedition  to  observe 
the  total  eclipse  of  the  sun  which  occurred  on  May  6,  1883. 
The  place  of  observationwas  generally  on  board  the  U.  S.  S. 
Hartford,  but  occasionally  on  Caroline  Island,  in  the  Pacific 
Ocean.  No  instruments  except  a  field-glass  were  employed 
in  the  comparisons,  which  were  made  by  the  division  into 
tenths  of  the  interval  between  two  comparison  stars.  Most 
of  the  observations  were  independently  repeated  by  Mr.  H, 
A.  Lawrance.  The  stars  obser^-ed  were  all  south  of — 30*^ 
declination. 

Rev.  T.  W,  Webb,  of  England.  The  obser\-ations  men- 
tioned under  this  heading  were  found  by  Mr.  Espin  in  some 
of  Mr.  Webb's  manuscripts,  and  were  kindly  transmitted  to 
this  Obser^-atory. 
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Dr.  F.  Wilsing,  of  the  Potsdam  Observatory.  The  wedge 
photometer  was  employed  in  part  of  the  comparisons,  but 
in  such  cases  estimates  in  grades  of  the  difference  in  bright- 
ness between  the  stars  compared  were  almost  always  added. 

An  examination  of  the  tables  of  this  paper  gives  many 
useful  facts,  prominent  among  which  are  the  following : 

Table  I  shows  the  observations  of  each  star  in  separate 
years  grouped  together,  with  date,  number  of  observations, 
and  the  name  of  the  observer. 

Table  II  is  a  summary  of  the  detailed  information  fur- 
nished bv  Table  I,  and  contains  also  a  statement  of  the 
position  and  character  of  each  star  as  derived  from  the  cata- 
logue of  Mr.  Chandler,  before  referred  to;  also  from  the 
ephemerides  for  1889  of  Professor  Schonfeld  in  Astrono- 
miscbe  Gesellscbafit,  and  from  M.  Loewy  (Companion  to 
tfie  Observatory,  1889).  Dun^r's  catalogue  of  spectra,  the 
revised  catalogue  of  variable  stars  of  J.  E.  Gore  (Proceed- 
ings of  the  Royal  Irish  Academ\'),  and  peculiar  spectra  ob- 
served at  Harvard  College  Observaior\'  chiefly,  furnish  the 
data  for  classification  in  this  table.  The  first  column  gives 
the  numbers  proposed  by  Mr.  Chandler  for  future  designa- 
tion of  variable  stars,  each  number  being  one-tenth  of  the 
number  of  seconds  of  time  in  the  right  ascension  of  the  cor- 
responding star  for  the  epoch  of  1900.  Other  columns  give 
magnitudes  at  maximum  and  minimum,  period,  date  of  dis- 
covery, daj'  of  maximum  for  1889,  number  of  observations 
of  each  for  particular  years,  and  whole  number  of  observa- 
tions. 

Table  III  shows  the  observations  for  the  year  1888,  and 
Table  IV  gives  the  distributions  of  observations  with  an- 
nual results. 

It  would  be  interesting  also  to  compare  the  results 
of  this  paper  with  those  found  in  other  catalogues  before  re- 
ferred to,  but  want  of  space  forbids.  It  must  suffice  now  to 
say  that  although  a  vast  amount  of  work  has  been  done  in 
the  last  few  years  in  studying  variable  stars,  but  little  has 
been  learned,  and  that  future  work  should  be  conducted 
with  greater  care  and  in  reference  to  some  definite  system  if 
much  advancement  is  to  be  gained  in  this  new  and  important 
branch  of  astronomv. 
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For  Thb  Mbssbngbb. 


These  strictures  are  not  designed  to  cast  reflections  upon 
the  character  of  any  book  noticed,  nor  to  indicate  the  want 
of  ability  in  any  author,  and  no  errors  will  be  noted  which 
are  purely  typographical  in  given  values  in  figures,  as,  per- 
haps, the  omission  of  a  cipher,  such  as  that  on  page  243  of 
Professor  Young's  admirable  work,  **  The  Sun,'*  and  four  dif- 
ferent places  on  page  341  of  Professor  Mitchel's  **  Popular 
Astronomy,"  where  the  eminent  author  was,  evidently,  not 
the  proof-reader.  No  doubt,  many  of  the  mistakes  shown 
in  my  former,  as  well  as  in  this,  article  have  been  cor- 
rected in  subsequent  editions  of  the  authors  criticised,  but 
for  the  sake  of  those  who  have  and  read  the  first  publica- 
tions, I  point  out  errata  for  correction. 

Professor  Mitchel,  "Popular  Astronomy,"  page  77,  says: 
**4089  years  before  the  Christian  era,  the  perihelion  of  the 
earth's  orbit  coincided  with  the  vernal  equinox,"  and  that, 
**In  A.  D.  1250,  it  passed  the  summer  solstice  and  will  meet 
the  autumnal  equinox  about  the  year  6483."  This  will  read 
correctly  by  changing  **  vernal"  to  autumnal,  ** summer"  to 
winter,  and  ** autumnal"  to  summer.  On  page  87,  he  calls 
the  moon's  apogee  the  least  distance  from  the  earth.  On 
page  296  he  says:  **Encke  was  the  discoverer  of  Encke's 
comet."  On  page  326,  near  bottom,  for  **  opposition  "  read 
superior  conjunction. 

Brocklesby's  Astronomy,  page  213,  says,  writing  of  doub- 
le nebulae,  they  belong  to  the  class  of  planetary  nebulae. 
Though  I  have  observed  nearly  all  the  planetary  nebulae  vis- 
ible from  this  latitude,  yet  I  have  never  seen  a  double,  and  I 
doubt  if  the  heavens  afford  a  single  example. 

In  Mitchel-Burritt's  Astronomy,  page  249,  regarding 
the  moon's  changes,  we  find  the  following:  **  As  her  enlight- 
ened surface  comes  more  and  more  into  view  until  she  arrives 
at  her  first  quarter  and  comes  to  the  meridian  at  sunset,  she 
has  then  finished  her  course  from  the  new  to  the  full,  and  half 
her  enlightened  hemisphere  is  turned  towards  the  earth." 


•  Continued  from  No.  74,  page  194. 
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Page  158,  speaking  of  a  cluster  in  Sagittarius,  says  of  it : 
"It  is  midway  between  Beta  Ophiuchi  and  Beta  Lyrae.'* 
Page  163  shows  three  or  four  errors.  Zeta  Herculis  is  called 
Delta,  and,  near  the  bottom,  is  named  Chi.  Also  the  given 
right  ascension  of  the  cluster  is  an  hour  too  little.  **  Heavens 
Above,"  by  Rolfe  &  Gillett,  page  301,  bottom,  declares  the 
average  number  of  shooting-stars  visible  to  the  naked  eye  at 
any  one  place  to  be  estimated  at  about  one  thousand  per 
hour,  while  at  the  top  of  the  page  the  number  is  correctly 
given  as  three  or  four.  Page  221  asserts  that  there  are 
more  lunar  than  solar  eclipses.  And  on  page  148  we  find 
this :  "  The  sun's  distance  is  such  that  his  parallax  is  about 
eighty-eight  seconds."  This  error,  88  for  8".8,  cannot  be 
regarded  as  typographical,  since  the  value  is  given  in  words 
and  not  in  numerals. 

**  Astronomy  Simplified,"  page  254,  says :  "  Ceres  was  dis- 
covered on  the  second  New-year's-day  of  the  present  cen- 
tury, Jan.  1,  1801."  The  author  must  advocate  the  erron- 
eous  idea — quite  a  current  one — that  the  first  day  of  this  cen- 
tury was  Jan.  1, 1800.  Had  he  called  to  mind  that  there  was 
no  year  0  and  that  Christ  was  bom  in  A.  D.  1,  and  that  the 
previous  year  was  B.  C.  1,  he  must  have  perceived  that  the 
1st  of  Jan.,  A.  D.  1,  was  the  first  day  of  the  first  century, 
and,  therefore,  that  Jan.  1, 1801,  was  the  first  day  of  the 
nineteenth  century. 

Lockyer's  Astronomy,  American  edition,  page  66,  avers 
the  presence  of  hydrogen  in  the  sun  to  be  doubtful,  yet  in  the 
frontispiece  of  the  book  the  positions  of  two  of  the  five  or 
more  hydrogen  lines  in  the  sun  are  shown,  and  on  page  268 
it  says :  "  One  of  the  hydrogen  lines  in  the  sun  is  found  in  the 
planetary  nebula  in  Draco.  Page  35,  1st  edition,  says  of  79 
Messier,  that  it  is  a  nebulous  star  in  Ursa  Major,  while  on 
page  52,  last  edition,  it  is  called  79  Ursa  Majoris,  which  is 
the  star  Eta,  the  end  star  in  the  handle  of  the  Dipper.  Seven- 
ty-nine Messier  is  a  resolvable  cluster,  24°  south  of  the  equa- 
tor, in  Lepus.  Mr.  Lockyer  probably  refers  to  97  M.  which 
is  in  Ursa  Major  though,  even  then,  his  statement  is  erro- 
neous, as  it  is  not  a  nebulous  star  but  a  ver3' remarkable  plan- 
etary nebula,  the  largest  known. 

Under  the  same  head  he  writes  that  Epsilon  Ononis  and 
8  Canum  Yenaticorum  are  nebulous  stars.    No  modern  tel- 
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e9CO{)e  shows  nebulosity  surrounding  either.  I  have  fre- 
quently examined  them  with  the  16-inch  refractor  of  this 
Observatory,  and  have  never  been  able  to  detect  the  slightr 
est  nebulosity.  It  is  quite  strange  that  these  doabtful  bodies 
should  have  been  chosen  when  the  sky  furnishes  so  many 
striking  examples,  some  of  which  are  visible  through  small 
telescopies.  Other  errors  there  are,  but  they  are  nio«tI]r 
typographic  and  will  be  readily  detected  by  an  intelligent 
teacher.  Because  this  work  is  so  excellent,  and  because  of 
its  extensive  use  in  the  United  States  as  a  text-book,  it  has 
given  me  great  pleasure  to  call  attention  to  its  minor  faults. 

Page  539,  Newcomb's  Astronomy,  (table  of  periodic  com- 
ets) "Tempel's  I"  should  read  Tempel's  Hand  vice  versa. 

On  page  90,  Mattison-Burritt's  .\stronomy  (telescopic  ob- 
jects) for  Alpha,  Beta  and  Gamma  Lupi,  read  Alpha,  Beta 
and  Gamma  Leporis.    The  nebula  is  also  in  Lepus. 

All  text-books  on  astronomy  which  have  come  to  my 
notice  convey  this  misleading  statement  regarding  star- 
showers,  viz.:  that  they  (the  falling  stars)  seem  to  emanate 
from  one  place  called  the  radiant.  Now  were  this  assertion 
made  to  an  audience  who  had  never  witnessed  a  star- 
shower,  a  wrong  impression  would  be  made.  I  saw  on  Nov. 
13,  1833,  the  great  shower  of  that  year,  and  the  American 
side  of  its  return  in  1867,  and  not  one  in  ten  thousand  in  the 
shower  of  1833  seemed  to  radiate  from  the  Sickle  in  Leo, 
though  their  paths,  had  they  been  traced  backwards  would 
have  met  in  the  Sickle;  a  different  statement  from  the  other, 
and  one  which  could  not  deceive  a  child.  In  1867  a  large 
number  were  seen  low  down  in  the  north-west  and  also 
many  at  a  rather  low  altitude  in  the  south-east.  Now,  it  cer- 
tainly would  not  be  strictly  correct  to  say  that  they  ail  ap- 
peared to  start  from  the  radiant,  as  some  of  the  luminoas 
paths  in  the  north-west  were  not  over  a  degree  in  length, 
but,  as  we  have  already  seen,  their  visible  tracks  traced 
backwards  would  converge  to  the  radiant  like  the  radii  of  a 
circle  to  its  center. 

"Herschel's  Outlines  of  .\stronomy,"page  521,  and  Cham- 
bers' Astronomy,  page  766,  give  the  radiant  of  the  Aug.  9-11 
star-shower  as  B.  Camel opardalis.  I  have,  for  more  than  30 
years,  been  an  observer  of  this  shower,  and  have  always  re- 
garded an  elliptical  region  (not,  as  it  is  often  called,  a 
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about  6°  by  12°  in  Perseus  as  its  radiant.  From  the  radiant 
being  in  this  constellation,  its  meteors  are  called  Perseids,  as 
those  of  the  Nov.  14  shower,  being  in  Leo,  are  called  Leonids. 

"Herschers  Outlines,"  page 531:  **The  Solar  Cycle  consists 
of  28  Julian  years,  after  the  lapse  of  which,  the  same  days  of- 
the  week  would  always  return  to  the  same  days  of  each 
month  throughout  the  year."  It  would  seem,  according  to 
the  above  rule,  that,  say,  the  Fourth  of  July,  would  fall  on 
Sunday  only  pnce  in  28  years,  whereas  I,  myself,  have  seen 
ten  such  instances.  July  4th  has  occurred  on  Sunday  thirteen 
times  during  this  century,  and  in  1897  we  shall  again  have 
a  Sunday  Fourth.  And  it  is  certainly  a  fact  that  between 
the  extremes  of  the  Cycle  there  are  three  recurrences  at  irreg- 
ular intervals  of  the  phenomenon  which  appear  not  to  apper- 
tain to  the  solar  cycle  proper.  These  intervals  for  them  all 
are  11-6-5-6;  11-6-5-6;  11-6-5-6,  etc.  Cannot  an  explana- 
tion without  ambiguity  be  given  by  some  one  concerning  the 
Solar  Cvcle? 

My  own  criticism,  in  a  previous  article,  of  Chambers*  list  of 
fifteen  comets  which  have  twice  appeared,  is  itself  erroneous, 
so  far  as  the  last  three  were  concerned,  they  being  the  well- 
known  comets  of  Winnecke,  Brorsen  and  D' Arrest,  respect- 
ively. 

Warner  Observatory,  May  12th,  1889. 


WILLIAM    TEMPEL.^ 


O.  V.  SCHIAPARBLLI. 


William  Ernest  Tempel,  astronomer  at  the  Observatory  of 
Arcetri,  died  on  March  16th,  after  a  long  and  painful  illness. 
His  life  was  a  notable  example  of  a  strong  calling,  drawing 
man  with  overwhelming  force  to  a  fixed  object,  and  surpass- 
ing the  greatest  obstacles. 

Bom  of  a  poor  family,  Dec.  4,  1821,  at  Nieder-Cunersdorf, 
in  upper  Lusatia,  he  early  learned  the  art  of  lithography, 
which  he  followed  at  first  in  many  cities  of  Germany,  and  at- 
tained in  it  great  ability  united  with  delicate  artistic  feeling. 


*  (Prom  LMSasione  (Italian)  April  5,  1889.)    Translated  for  the  Mbssbnobr 
by  F.  W.  Piske,  of  St.  Paul. 


258 


The  Sidereal  Messenger. 


Endowed  bynature  with  an  imaginative  and  restless  t€inp»- 
ament,  after  a  time  he  left  his  fatherland  to  seek  his  fortone 
in  foreign  countries.  He  lived  three  years  in  Denmark,  Uua 
came  to  Italy;  and  in  1859  we  find  him  living  in  Venice.  At 
this  time  began  his  interest  in  astronomical  matters.  He 
purchased  with  his  savings  a  telescope  from  Steinheil,  not  a 
very  large  one  to  be  sure,  but  very  good,  and  be  was  soon 
recompensed  by  his  first  discovcrj',  the  comet  of  1859,  In 
the  same  year  he  began  to  make  a  map  of  the  well- 
known  group  of  the  Pleiades  in  which  in  a  short  time  woe 
included  six  large  stars  and  many  hundreds  of  smaller  ones. 

How  many  telescopes  since  Galileo  had  been  turned  to 
that  part  of  the  heavens !  Vet  aided  by  the  excellence  of  hia 
instrument  and  by  uncommonly  keen  vision.  Tempel  there 
found  that  which  in  250  years,  with  telescopes  of  cverj"  sue, 
none  had  been  able  to  see.  He  discovered  the  famous  nebula 
of  the  Pleiades,  whose  existence  is  even  now  doubtful  to 
many,  and  he  was  harshly  disputed  by  those  who  in  aft- 
trononiy — as  is  often  the  case  in  other  departments  of 
knowledge — claim  to  be  the  highest  critics. 

Lately,  however,  celestial  photography  has  come  to  eon- 
6rm  the  observations  of  Tempel,  and  not  only  removes  every 
doubt  of  the  existence  of  that  nebula,  but  shows  that  what 
Tempel  saw  is  the  brightest  and  thickest  part  of  a  ncbulons 
mass  extremely  complicated  and  extensive,  which  extends 
through  nearly  all  the  space  occupied  by  the  group  of  the- 
Pleiades  and  forms  one  mass  with  it.  He  thus  showed  in  a- 
convincing  way  the  close  connection  existing  between  th<^ 
nebula;  and  the  stars,  and  utterly  destroyed  the  belief,  stilts— 
held  by  Humboldt  in  his  Cosmos,  that  the  nebula  are  collec- 
tions of  stars  of  a  high  order,  in  extent  and  formation  like 
the  Milky-Way,  and  situated  at  a  much  greater  distanct^^ 
than  ordinary  stars. 

In   1860  Tempel  went  to  Hve  in  Marseilles,  and  in  1861 ' 

served  a  while  as  assistant  in  the  Observatory  there  uodcc=a 
the  direction  of  Benjamin  Valz.  In  that  position  he  remained 
only  six  months.  Loving  above  everything  his  own  inde- 
pendence, he  continued  to  follow  his  profession  as  engra%"ei 
in  that  city  until  1870.  alternating  these  labors  with  astro 
Domical  investigations.  In  Marseilles  he  discovered  sis 
small  planets,  Angelina   (64),   Maximiliana   (65},   Galai 
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(74),  Eurynome  (79),  first  discovered  a  little  before  by  Wat- 
son in  America,  Terpsichore  (81)  and  Clotho  (97);  at  that 
time  those  discoveries  had  greater  fame  and  greater  impor- 
tance than  would  be  g^iven  to  them  at  present.  It  was  then 
indeed  reasonably  supposed  that  the  number  of  the  smaller 
planets  between  Mars  and  Jupiter  was  limited ;  this  does  not 
seem  likely  to  the  present  astronomers  already  embarrassed 
by  the  mighty  army  of  ^^atomi planetarii,*^  now  increased  to 
about  300,  and  of  which  no  one  can  see  an  end.  Most  im- 
portant to  astronomy  were,  and  always  will  be,  his  discov- 
eries of  comets,  in  which  he  was  especially  assisted  by  a  very 
keen  eye,  the  perfect  climate  of  the  Provence  and  the  Stein- 
hdl  telescope  of  excellent  clearness.  These  are  the  comets 
discovered  by  Tempel  in  Marseilles :  1860  IV,  1862  I,  1863 
IV,  1864  II,  1866  I„1867  I  (with  Stephan),  1867  II,  1869 
II,  1869  III,  and  1870  II  (with  Winnecke);  these  )2:ained  for 
Tempel  several  prizes  from  the  Imperial  Academy  of  Vienna. 
Of  these  the  most  important,  from  the  result  to  which  it  led, 
was  1866  I ;  which,  rather  than  a  comet,  should  be  called  a 
remnant  or  the  ruins  of  a  comet.  In  the  course  of  the  de- 
struction of  that  body  came  the  thick  swarm  of  bright  mete- 
ors of  November,  which  at  periodic  intervals  of  33  years  meet 
and  surround  the  earth,  producing  bright  showers  of  fall- 
ing stars.  We  have  finally  learned  the  cause  of  such  a  phe- 
nomenon, which,  from  the  year  902  of  the  common  era  even 
until  to-day,  has  occurred  so  many  times  and  always  been 
seen  with  new  wonder;  and  to  this  progress  not  a  little  has 
been  contributed  by  Tempel's  discovery  of  that  burning 
comet  in  a  very  favorable  time,  just  in  time  to  explain  the 
last  return  of  meteors,  which  was  in  the  night  between  the 
14th  and  15th  of  November,  1866. 

The  stay  in  Marseilles  marked  a  very  calm  and  very  fruit- 
ful period  in  the  life  of  Tempel,  to  which,  unfortunately,  the 
political  whirlwind  of  1870  put  too  early  an  end. 

Expelled  from  France  for  no  other  offence  than  that  of 
being  a  German,  in  the  beginning  of  1871  he  went  to 
Milan  where  he  was  established  as  assistant  in  the  Royal 
Observatory  of  Brera.  Then  giving  up  the  art  of  lithog- 
raphy he  gave  himself  wholly  to  science,  and  in  his  new 
field  of  work  engaged  in  useful  labors.  In  the  four  years 
that  he  stayed  in  Milan  (1871-1874)  he  discovered  four 
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more  comets,  1871  II,  1871  V,  1871  VI,  1873  II.  Besides 
these,  he  observed  and  drew  several  other  comets,  particu- 
larly the  splendid  one  of  Coggia  that  appeared  in  1874, 
whose  appearance  he  represented  in  a  way  that  has  not  yet 
been  excelled. 

Though  so  tireless  a  hunter  of  comets,  Tempel  in  the  num- 
ber of  his  discoveries  did  not  rival  Pons,  to  whose  life  his 
own  presents  many  analogies.  Yet  it  may  be  said  that  no 
astronomer  has  made  discoveries  in  this  line  more  impor- 
tant and  more  useful. 

I  have  already  shown  how  timely  and  how  fruitful  in  its 
results  was  his  discovery  of  the  comet  1866  I;  to  this  I 
should  add  that,  of  the  ten  comets  of  short  periods  yet 
known,  three  are  due  to  Tempel.  The  story  of  these  comets 
belongs  to  the  most  interesting  part  of  astronomy.  The 
changes  through  which,  by  the  powerful  attraction  of  the 
larger  planets  (for  the  most  part  of  Jupiter),  they  were 
drawn  in  periods  sometimes  not  very  distant,  to  1>ecome  last- 
ing members  of  the  planetary  system ;  the  exact  forces  whose 
application  has  caused  these  disturbances  through  the  plan- 
etary bodies ;  the  notions  that  some  of  them  have  given  and 
can  still  give  in  the  fiiture  about  a  supposed  resisting  ether 
filling  all  the  heavenly  spade;  and,  finally,  the  destruction  that 
one  of  them,  Biela's,  and  perhaps  also  Vice's,  has  suddenly 
undergone,  as  if  before  our  eyes  separating  into  small  frag- 
ments ;  all  these  questions  ^ve  to  these  bodies  of  feeble  light 
and  modest  appearance  a  degree  of  importance  not  inferior 
to  the  largest  and  brightest  comets. 

His  age  and  the  state  of  his  health  made  his  labors  very 
severe,  continuing  nightly  observations  in  the  trying  climate 
of  Milan ;  and  in  the  beginning  of  1875  he  was  led  to  accept 
the  position  of  astronomer  in  the  new  Observatory  founded 
by  Donati  a  few  years  before  in  Arcetri,  where  he  lived  and 
worked  alone,  expecting  a  definite  arrangement  at  that  fiine 
Observatory.  There  at  first  he  continued  his  assiduous  in- 
vestigations of  comets ;  his  last  discovery  in  this  field  was 
the  comet  1877  V.  Finding  himself  entirely  his  own  master 
and  having  two  large  telescopes  by  Amici  that  were  distin- 
guished for  the  clearness  of  their  images,  he  gave  himself, 
with  the  zeal  that  he  put  in  every  act,  to  the  study  of  the 
nebulae,  whose  forms  and  details  he  represented  in  a  large 
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number  of  drawings,  which  are  the  finest  and  the  most  accu- 
rate yet  made  in  this  line. 

For  this  labor  he  was  thought,  in  1880,  worthy  of  the 
Royal  prize  which  the  Royal  Academy  gives  every  six  years 
to  astronomical  work.  So  perfect  are  these  drawings  that 
Tempel  in  vain  sought  an  artist  capable  of  reproducing 
them  satisfactorily  to  him ;  and  they  are  among  his  unpub- 
lished works;  but  their  existence  and  their  value  are  not  un- 
recognized in  the  astronomical  world,  and  already  a  move- 
ment has  been  made  in  Germany  to  acquire  and  publish 
them. 

The  reason  for  so  great  an  interest  in  them  is  not  hard  to 
find,  for  besides  an  eye  skilled  in  astronomy  Tempel  had  a 
practised  artist's  hand ;  two  qualities  that  are  rarely  both 
found  to  so  high  a  degree  in  the  same  person.  The  drawings 
of  the  nebulse  that  he  left  are,  in  the  opinion  of  all  who  have 
seen  tbem  and  compared  them  with  the  heavens,  a  faithful 
representation  of  the  appearance  presented  by  the  nebulae  to 
a  telescope  of  the  present  time.  Therefore  they  can  give  to 
astronomers  in  the  future  a  means  of  judging  upon  the  ques- 
tion of  the  possibility  of  change  in  these  bodies ;  which  per- 
haps we  could  now  do,  had  there  been  a  Tempel  provided 
with  a  telescope  upon  the  Nile  with  the  builders  of  the  pyra- 
mids, or  in  an  Observatory  upon  the  roofs  of  the  temples  of 
Babylon.  It  is  then  of  great  importance  not  to  allow  to 
perish  or  become  forgotten  a  work  whose  value  will  always 
increase  with  the  ages. 

One  might  think  that  photography  applied  to  representing 
the  heavenly  bodies  would  now  render  useless   drawings 
made  by  the  aid  of  the  telescope.  But  let  me  say  that  is  an  er- 
ror; for  those  rays  or  vibrations  of  light  by  which  the  heav- 
enly bodies  are  made  visible  to  the  human  eye  are  generally 
different  fix/m  those  dth      rays  by  means  of  which  these 
lx>dies  are  figured  upon  photographic  plates.    So  it  can  hap- 
pen that  a  star  in  which  at  first  sight  prevail  rays  of  great 
intensity  appears  very  bright  to  our  eyes  and  yet  acts  with 
ieebk  impression  on  the  plate  of  the  camera.    On  the  other 
hand  another  heavenly  body,  whose  light  abounds  in  chemi- 
cal rays,  can  act  with  strong  effect  upon  the  photographic 
plate  and  yet  be  hardly  visible  to  the  human  eye,  or  entirely 
invisible.    There  are  such  essential  differences  existing  in  the 
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character  of  the  light  emitted  by  different  stars,  and  also  by 
different  nebula ;  and  they  can  exist  in  different  parts  of  the 
same  nebula,  which  will  appear  of  different  aspect  whether 
seen  by  the  eye  or  photographed.  A  remarkable  instance  is 
seen  in  the  case  of  the  nebnia  of  the  Pleiades,  which  in  a  pho- 
tograph shows  an  appearance  quite  different  from  that  seen 
through  the  telescope.  Not  only  therefore  will  the  dra.wings 
of  the  nebula  made  by  the  eye  in  the  usual  way  never  be  use- 
less, but  when  they  are  compared  with  the  photographic  im- 
pressions there  will  rise  very  instructive  ideas  about  the  dif- 
ferent characters  of  the  nebulae. 

In  the  last  years  of  his  life  Tempel  was  obliged  to  give  op 
entirely  night  observation  as  too  fatiguing  to  his  declining 
health.  The  impossibility  of  completing  these  tasks,  which 
would  bring  him  the  greatest  fame  and  happiness,  contrib- 
uted not  a  little  to  increase  his  illness.  After  a  year's  sick- 
ness a  sudden  crisis  ended  his  sufferings  on  the  16th  uf 
March.  1889. 

Although  Tempel  had  not  received  a  regular  education  he 
was  not  wholly  without  culture;  he  had  a  strong  love  of  na- 
ture and  art.  and  poetry  made  a  strong  impression  upon 
him.  In  mathematics  he  had.  without  the  aid  of  teachers, 
and  by  himself,  mastered  the  first  steps,  and  was  never 
troubled  in  rr.aking  the  needed  calculations. 

His  honesty  of  character  made  him  worthy  of  high  esteem: 
but  his  mind  was  very  sensitive  and  ill  6tted  to  bear  the  in- 
evitable disagreements  caused  by  daily  contact  with  his  fel- 
lows; nor  had  he  learned  the  necessarj-  art  of  bearing  them 
philosophically.  He  often  kept  himself  brooding  over  inju- 
ries, and  sometimes  without  any  real  cause;  and  this  pro- 
duced the  impression  in  those  who  did  not  know  him  that  he 
was  a  distrustftd  and  unaffable  man.  Only  a  long  acquaint- 
ance with  his  character  could  correct  this  judgment  and  give 
a  just  estimate  of  his  faults,  which  injured  no  one  but  him- 
self and  were  ftilly  compensated  by  the  strength  of  his  noble 
qualities. 

His  fi-iends  cannot  forget  his  pure  and  disinterested  love 
which  made  of  a  humble  workman  a  wise  astronomer,  gain- 
ing for  his  memory  a  name  that  will  last  as  long  as  the  sttidi 
of  the  heavenlv  bodies  is  held  in  honor  bv 
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Mercury  comes  into  inferior  conjunction  \irith  the  snn  on 
the  morning  of  June  19.  The  planet  will  then  be  abont  fonr 
degrees  south  of  the  sun,  and  so  not  visible.  From  July  5 
to  20  Mercury  will  be  visible  in  the  morning  an  hour  before 
sunrise,  a  little  to  the  right  and  above  the  sunrise  point. 
He  win  be  visible  at  g^i-eatest  elongation  west  from  the  sun, 
20°47',  on  the  morning  of  July  12. 

Venus  rises  from  two  to  three  hours  earlier  than  the  sun, 
so  that  she  is  in  favorable  position  for  morning  observa- 
tions. She  will  b^  in  conjunction  with  the  moon,  1^  01^ 
north,  June  23  at  midnight ;  in  aphelion  June  25 ;  at  great- 
est elongation  west  from  the  sun,  45^44',  July  10 ;  in  con- 
junction with  Neptune,  July  10  at  10  p.  m.,  the  latter  being 
then  1^48'  north  of  the  former. 

Mars  sets  a  few  minutes  later  than  the  sun,  and  so  cannot 
be  seen. 

Jupiter  is  now  in  best  position  for  observation  this  \'ear, 
coming  into  opposition  to  the  sun  June  24,  and  visible 
during  the  whole  night.  The  Observatory  for  May,  1889, 
contains  a  review  of  some  observations  of  this  planet  made 
in  the  years  1881-86  at  Birr  Castle  Observatory,  Parson- 
town,  Ireland,  and  published  in  Vol.  IV  of  the  **  Scientific 
Transactions  of  the  Royal  Dublin  Society."  Eighty  com- 
plete drawings  and  four  sketches/>f  Jupiter  were  made  with 
a  reflector  of  three  feet  aperture  by  Eh-.  Otto  Boeddicker. 
The  drawings  were  executed  in  pencil,  the  average  time  de- 
voted to  each  being  not  more  than  ten  minutes,  and  are  re- 
produced, without  retouching  or  correction  in  any  way,  by 
a  photo-mechanical  process,  so  that  errors  of  lithography 
are  thus  avoided. 

Saturn  sets  too  early  in  the  evening  to  be  well  seen.  He 
will  be  in  cpnjunction  with  the  moon,  south  2^,  July  1  at  1 
p.  u.  Reports  still  come  in  of  observations  of  the  white 
region  upon  the  ring^  of  Saturn  seen  in  March.  Several 
astronomers  seem  unwilling  to  admit  that  the  appearance 
seen  was  due  to  the  effect  of  contrast  or  bad  atmospheric 
conditions;  yet  after  reading  carefully  all  the  accounts  at 
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hand,  we  are  inclined  to  believe  that  nothing  has  been  seen 
but  what  would,  in  the  absence  of  Dr.  Terby's  announce- 
ment, have  been  set  down  as  the  result  of  one  or  both  of 
those  causes. 

Uranus  will  be  in  quadrature,  i.  e.  90°  east  from  the  sun, 
July  9.  He  crosses  the  meridian  early  in  the  evening,  and 
may  be  found  near  o  Virginis,  the  nearest  naked-eye  star 
northwest  of  Spica. 

Neptune  may  be  seen  again  in  the  morning,  5°  south  of 
the  Pleiades,  rising  from  two  to  three  .hours  before  the  sun. 
The  conjunction  of  Neptune  with  Venus  has  been  mentioned 
above.  He  will  be  directly  north  of  the  moon,  about  1°46', 
on  the  morning  of  June  24. 

MERCURY. 
R.  A.  Dec].  Rises.  Transits.  Sets. 

June  20 5  49.7  -fl9  20  4  29  a.m.  11  53.1  a.m.  7  18  p.m. 

25 5  39.5  +18  45  4  02  "  11  23.3  "  6  45 

30 5  35.1  +18  48  3  38  "  10  59.3  "  6  21 

July   5 5  38.8  +19  25  3  19  "  10  43.3  "  6  08 

10 5  51.5  +20  25  3  07  "  10  36.5  "  6  06 

15 6  13.3  +21  30  3  04  "  10  38.4  "  6  13 

VENUS. 

June  25 3  11.8  +14  23   1  54  a.m.    8  56.0  a.m.   3  58  p.m. 

July   5 3  46.8  +16  24   1  41  "     8  51.7  "    4  02  ** 

15 ,  4  25.9  +18  23   1  31  "     8  51.2  *•    4  11  " 

MARS. 

June  25 6  08.3  +24  11   4  04  a.m.   11  53.0  a.m.   7  42  p.m. 

Julv   5 6  38.5  +24  01   3  55  *'    11  42.9  *»    7  31  ** 

15 7  07.2  +23  31   3  74  "    11  32.2  "    7  17  - 

JUPITER. 


June  25 18  14.0  —23  15   7  32  p.m.   1155.7  p.m.   4  20  a.m. 

July   5 18  08.5  —23  18   6  47  "    11  10.9  "     3  35  " 

15 18  03.4  —23  20   6  03  **    10  26.6  "     2  50  " 


SATURN. 


June  25 9  21.7  +16  38   7  52  a.m.    3  05.1  p.m.  10  18  p.m. 

July   5 9  26.0  +16  18   7  20  **     2  30.0  "    9  40 

15 9  30.5  +15  57   6  46  **     1  55.2  **    9  04  " 


URANUS. 


June  25 13  06.9  —  6  26   1  11  p.m.    6  49.4  p.m.  12  27  a.m. 

July   5 13  07.0  —  6  28  12  32  "     6  10.4  "   11  48  p.m. 

15 13  07.5  —  6  31  11  54  a.m.    5  31.6  •'   11  09  " 


NEPTUNE. 


June  25 4  05.9  +19  14   2  26  a.m.   9  50.2  a.m.    5  14  p.m. 

July   5 4  07.4  +19  17   1  48  "     9  12.3  "     4  36 

15 4  08.5  +19  20   1  10  "     8  34.1  "     3  58 
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R.  A. 

June  20 5  57.0 

23 6  18.7 

30 6  39.4 

July      5 7  00.1 

10 7  20.5 

15 7  40.8 


Decl. 

O       f 

-f  23  27 
-f  23  23 
+23  09 
+22  44 
+22  10 
+21  26 


THE  SUN. 

Rises, 
h      m 

4 
4 
4 
4 
4 
4 


15  a. 

16 

18 

21 

25 

29 


M. 

i( 

u 
u 
u 
u 


Transits, 
h      m 
12  01.4  P.M. 
12  02.4    " 
12  03.5 
12  04.4 
12  05.1 
12  05.7 


*7       <t 


Sets. 
h    m 

7  48  P.M. 
7  49 
7  49 
7  47 
7  45 
7  42 


Occulutions  Visible  at  Washington. 


Date. 


Star's 
Name. 


Magni- 
tude. 


IMMBRSION. 


June  17    56Aqnani         6V^ 

19    B.  A.  C.  17        6 
July     6    SSVirginis        6V^ 


Wash. 
Mean  T. 
h    m 

13  40 
12  31 
10  02 


Angle  fm 
N.  P't. 

o 

49 

80 

190 


BMBRSION. 
Wash.      Angle  fm 
N.  P't. 


Mean  T. 

h  m 
14  53 
13  24 
10  22 


269 
281 
204 


Dtxra- 
tion. 
h    m 

1  13 
0  53 
0  20 


of  the  Moon. 

Last  Quarter June 

New  Moon June 

First  Quarter Juh" 

Full  Moon July 


Central  Time. 


d 
20 
28 

5 
12 


h    m 

1  35  A.M. 

2  54  A.M. 
11  59  P.M. 

3  02  P.M. 


Phenomena  of  Jupiter's  Satellites. 


Central 

d    h 

Jtme  18    2 

2 

11 

19  2 
3 
9 
9 

11 
11 

20  8 
2111 

22  2 
8 
8 

23  9 
9 

26  1 
4 

10 
10 

27  1 
1 
8 

10 

28  7 

29  2 
9 
9 

11 

30  12 

9 
9 


Time, 
m 

33  A.  M. 

43  " 
56  P.  M. 

18  A.  M. 

50     " 

01  P.  M. 

09  *• 
18  " 
25     •• 

44  ** 
56  " 
39  A.  M. 

30  P.  M. 
39     " 
39     " 
41     " 
46  A.  M. 

02  " 
52  P.  M. 
56     " 
09  A.  M. 
12     •* 
12  P.  M. 

31  ** 
41     " 

15  A.  M. 

03  p.  M. 

34  " 
56     " 
29  a.  m. 
17  P.  M. 
36     •• 


I  Sh.  In. 
I  Tr.  In. 
I  Ec.  Dis. 
I  Oc.  Re. 
Ill  Ec.  Dis. 
I  Sh.  In. 
I  Tr.  In. 
I  Sh.  Eg. 
I  Tr.  Eg. 
I  Oc.  Re. 
II  Ec.  Dis. 
II  Oc.  Re. 
Ill  Sh.  Eg. 
Ill  Tr.  Eg. 
II  Sh.  Eg. 
II  Tr.  Eg. 
I  Oc.  Dis. 
I  Ec.  Re. 
1  Tr.  In. 
I  Sh.  In. 
1  Tr.  Eg. 
I  Sh.  Eg. 
I  Oc.  Dis. 
I  Ec.  Re. 
I  Sh.  Eg. 
II  Oc.  Dis. 
Ill  Tr.  In. 
Ill  Sh.  In. 
Ill  Tr.  Eg. 
Ill  Sh.  Eg. 
II  Tr.  In. 
II  Sh.  In. 


June 
July 


Central 
d     h 


Time, 
m 


11 

56  P.  M. 

II  Tr.  Eg. 

1  12 

15  A.  M. 

II  Sh.  Eg. 

4  12 

36     *• 

I  Tr.  In. 

12 

50     '* 

I  Sh.  In. 

2 

53     •• 

I  Tr.  Eg. 

3 

06     " 

I  Sh.  Eg. 

9 

56  P.  M. 

I  Oc.  Dis. 

5  12 

25  A.  M. 

I  Ec.  Re. 

7 

02  P.  M. 

I  Tr.  In. 

7 

19     " 

I  Sh.  In. 

9 

19     " 

I  Tr.  Eg. 

9 

35     •* 

I  Sh.  Eg. 

7  12 

20  A.  M. 

Ill  Tr.  In. 

1 

33     " 

Ill  Sh.  In. 

3 

13     " 

Ill  Tr.  Eg. 

8 

52  P.  M. 

IV  Tr.  In. 

9 

38     " 

IV  Tr.  Eg. 

11 

3Z    " 

II  Tr.  In. 

11 

36     " 

IV  Sh.  In. 

8  12 

12  A.  M. 

II  Sh.  In. 

12 

55     " 

IV  Sh.  Eg. 

2 

11     *• 

11  Tr.  Eg. 

2 

52     •• 

II  Sh.  Eg. 

9    8 

69  p.  M. 

II  Ec.  Re. 

11  11 

40     '• 

I  Oc.  Dis. 

12    2 

20  A.  M. 

I  Ec.  Re. 

8 

47  P.  M. 

I  Tr.  In. 

9 

13     •' 

I  Sh.  In. 

11 

03     " 

I  Tr.  Eg. 

11 

30     •• 

I  Sh.  Eg. 

13    8 

49     •* 

I  Ec.  Re. 
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Approximate  Times  of  Transit  of  the  Great  Red  Spot  Across  the  ] 

Middle  of 

Jupiter*8  Disk. 

Central  Time. 

Central  Time. 

Central  Time. 

d      h 

m 

d      h 

m 

h      d 

m 

June  16  12 

07  A.  M. 

June  26     6 

12  P.  M. 

Jnly      7     2 

22  A.  M. 

16     7 

58  P.  M. 

27  11 

59     ** 

7  10 

14  p.  M. 

18     1 

45  A.  M. 

28     7 

50     " 

8     6 

05     *• 

18     9 

36  P.  M. 

30     1 

37  A.  M. 

9  11 

52     '• 

20     3 

23  A.  M . 

30     9 

28  P.  M. 

10     7 

43     ** 

20  11 

14  p.  M. 

July     2      3 

15  A.  M. 

12     1 

30  A.  M. 

21      7 

05     *• 

2  11 

06  P.  M. 

12     9 

21  p.  M. 

23  12 

52  A.  M. 

3     6 

58     " 

14     3 

08  a.m. 

23     8 

43  P.  M . 

5   12 

44  a.  m. 

14  10 

59  P.  M . 

25     2 

30  A.  M. 

5     8 

36  p.  M. 

15     6 

50  P.  M. 

25  10 

21  P.  M. 

Epbemerifi 

>1-Tjrpe. 

(  of  Variables  of  the  Algc 

Approximate  Greenwich  M.  T.  1889. 

From  the  Astronomical  Journal,  No.  193. 

June. 

June, 
d      h 

June. 

d     h 

d    h 

U  Cor.  Bor. 

1      9 

U  Ophiuchi 

11  12 

U  Ophiuchi 

19  21 

U  Ophiuchi 

1   11 

U  Cor.  Bor. 

11  18 

U  Ophiuchi 

20  18 

YCygni 

1  18 

Y  Cygni 

12     6 

Y  Cygni 
U  Ophiuchi 

21     6 

YCygni 

3     6 

fT  Librae 

12  18 

21  14 

d   Librae 

3  10 

Y  Cygni 

13  18 

Y  Cygni 

22  18 

U  Cephei 

4  12 

U  Cephei 

14  11 

Y  Cygni 

24    6 

YCypi 
C  Ophiuchi 

4  18 

U  Ophiuchi 

14  21 

A  Librae 

24    9 

4  19 

YCypi 
U  Ophiuchi 

15     6 

U  Cephei 

24  10 

U  Cor.  Bor. 

4  20 

15  17 

U  Cor.  Bor. 

25  13 

U  Oqhiuchi 

5  15 

U  Ophiuchi 

16  13 

Y  Cygni 
U  Ophiuchi 

25  18 

Y  Cyeni 

6     6 

Algol 

16  17 

25  19 

U  Ophiuchi 

6  11 

Y  Cygni 

16  18 

U  Ophiuchi 

26  14 

YCygni 

7  18 

'>'   Libra 

17     9 

'>   Librae 

26  17 

YCygni 

9     6 

Y  Cygni 

18     6 

Y  Cygni 
U  Ophiuchi 

27     6 

U  Cephei 

9  11 

U  Cor.  Bor. 

18  15 

27  11 

U  Ophiuchi 

9  20 

U  Cephei 

19  11 

YCygni 

28  18 

a   Librae 

10  10 

Algol 

19  14 

U  Cephei 

29  10 

U  Ophiuchi 

10  16 

o    Librae 

19  17 

YCypi 
U  Ophiuchi 

3(1    6 

Y  Cygni 

10  18 

Y  Cygni 

19  18 

30  19 

Epbemeris  of  Comet  B  1889  (Barnard  Mar,  31,)  From 
the  elements  of  Dr.  Krueger  as  given  in  A.  N.  2893,  I  have 
computed  the  following  ephemeris  of  Barnard's  Comet: 


June 


July 


Gr. 

M.  T. 

1.5 

7.5 

13.5 

19.5 

25.5 

1.5 


R.  A. 
h  m 
5  7 

7 

i 

8 
9 
9 


§ 

21 
22 
24 
12 
1 
19 


Dec. 

+14  4.2 
+13  47.5 
+13  30.9 
+13  10.9 
+12  50.9 
+  12  28.2 


Log  r.  Log  J. 


0.3529 
0.3524 
0.3520 
0.3524 
0.3529 
0.3539 


0.5111 
0.5109 
0.5107 
0.5067 
0.5028 
0.4967 


O.   C.   WENDELL. 

Harvard  College  Observatory,  May  13,  1889. 


An  Annular  Eclipse  of  the  Sun  will  occur  June  28,  begin- 
ning at  6b  06m  a.  m.  and  ending  at  11 A  54/n  a.  m.,  Green- 
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wkh  mean  time.  It  will  be  visible  in  southern  Africa  and 
the  South  Atlantic  and  Indian  Oceans,  the  northern  limit  of 
the  eclipse  reaching  to  Arabia,  Hindostan  and  the  East 
India  Islands.  The  moon  will  be  at  apogee  June  27  and  the 
earth  at  aphelion  July  1.  The  sun's  diameter- at  the  time  of 
the  eclipse  will  be  2'  02"  greater  than  that  of  the  moon. 


A  Partial  Eclipse  of  the  Moon,  invisible  in  the  United 
States,  but  visible  generally  in  Europe,  Asia,  Africa,  Aus- 
tralia and  the  Atlantic  Ocean  and  the  easterly  portion  of 
South  America,  will  take  place  July  12,  beginning  at  6 A  33/n 
p.  M.  and  ending  at  llA  15/n  p.  m.,  Greenwich  mean  time. 
Magnitude  of  eclipse  0.486  diameters  of  the  moon. 

The  Extent  of  the  Corona  of  The  Sun,  as  seen  in  the 
eclipse  of  Jan.  1,  1889,  is  well  stated  in  the  following  para- 
graph by  Professor  Holden  : 

"  So  far  as  I  know,  no  photograph  of  the  corona  has 
traced  these  wings  further  from  the  center  than  fifty  min- 
utes of  arc.  Out  to  that  distance  they  seem  to  be  converg- 
ent and  to  indicate  that  they  quickly  come  to  an  end.  Mr. 
Barnard's  photographs,  however,  show  faint  extensions  as 
far  out  as  seventy-five  minutes  of  arc,  and  it  is  evident  that 
the  outer  corona,  instead  of  quickly  terminating,  must  ex- 
tend far  into  space.  The  pictures  show  this  divergent  outer 
extension  in  a  form  like  that  of  a  fan,  or  like  the  open  mouth 
of  a  trumpet.  This,  of  course,  indicates  that  the  outer 
corona  is  in  the  shape  of  a  huge  disk,  surrounding  the  whole 
sun,  with  its  outer  rim  much  deeper  than  its  inner  one.  In 
fact,  if  the  sun  were  surrounded  by  a  ring  of  meteorites,  the 
appearance  would  be  much  the  same  as  in  the  photographs." 


Solar  Activity  in  1888.  From  a  late  number  of  The 
Journal  of  the  Liverpool  Astronomical  Society  some  inter- 
esting facts  are  taken  pertaining  to  solar  activity.  In  that 
article  it  is  claimed  that  the  behavior  of  the  various  orders 
of  solar  phenomena,  spots,  faculae,  and  prominences,  during 
the  year  1888,  show  conclusively  that  the  minimum  must  be 
near  at  hand.  The  evidence  of  this  from  the  sun-spots  is 
that  they  are  few  in  number,  small  in  size  and  low  in  lati- 
tude, with  considerable  intervals  in  which  no  spots  at  all 
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are  seen.  These  statements  are  supported  by  comparative 
tables  taken  from  the  observations  by  Tacchini  in  the  Com- 
ptes  rendus.  It  is  interesting  to  notice  that,  while  the  facu- 
lie  have  not  varied  simultaneously  with  the  spots,  their 
diminution  since  1886  and  1887  has  been  slight,  while  that 
of  the  hydrogen  prominences  has  been  more  pronounced. 
The  magnetic  variation  has  shown  a  decline  parallel  to  t 
of  the  sun-spots. 

Burnham  on  the  Trapezium  of  Orion.  At  the  April  meet- 
ing of  the  Royal  Astronomical  Society,  a  paper  titled  the 
"  Trapezium  of  Orion,"  written  by  Astronomer  Bumham  of 
Lick  Observatory,  was  read  and  discussed.  The  points 
made  in  the  paper,  as  reported  by  the  Ohseryatory  were, 
that  perhaps  no  object  in  the  heavens  had  received  bo  much 
attention  as  this,  and  that  no  equal  area  had  furnished  room 
for  so  many  purely  imaginary  stars;  that  niost  of  these  so- 
called  discoveries  had  been  made  with  small  telescopes  and 
by  inexperienced  observers,  but  that  the  largest  and  most 
perfect  refractors,  in  the  hands  of  skilled  obscrv-ers.  had 
utterly  failed  to  show  a  single  one  of  these  supposed  new 
stars;  that  an  observer  with  a  12-inch  mirror  believed 
he  saw  nine  or  ten  stars  in  the  Trapezium  which  Mr.  Bum- 
ham,  with  the  Chicago  18?^inch  telescope,  and  Professor 
Hall,  with  the  Washington  26-inch  could  not  see.  When  the 
36-inch  equatorial  of  Lick  Observatory  was  mounted  Alvan 
G.  Clark  found  a  small  star  in  the  Trapezium  (see  February 
Messenger,  1888)  which  Mr.  Bumham  has  since  rei)eatedly 
seen  and  measured,  though  extremly  faint  and  difHcult,  as  it 
seemed  to  be  near  the  limit  of  visibility  by  the  36-inch ;  that 
Mr.  Barnard  last  October  found  another  new  star  just  pre- 
ceding the  Trapezium,  this  star  being  double,  and  after- 
wards measured  by  Mr.  Bumham;  that  Mr.  Barnard  had 
also  discovered  a  second  star  within  the  Trapezium  which 
was  much  fainter  than  the  others,  and  which  Mr.  Bumham 
had  not  succeeded  in  observing  for  want  of  favorable  con. 
ditions. 

In  the  discussion  of  the  paper  Capt.  Noble  disagreed  with 
the  views  of  Mr.  Bumham  on  one  point,  claiming  that  the 
fifth  and  sixth  stars  of  the  Trapezium  were  certainly  irari- 
able  and  gave  strong  proofs  of  his  position.    This  view  was 
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also  held  by  Professor  Chambers  and  others  of  the  Royal 
Society. 


Brilliant  Meteor.  On  the  evening  of  May  15,  while  walk- 
ing  on  Broadway,  Oakland,  a  street  brilliantly  lighted  by 
electric  arcs,  and  in  the  light  of  the  ftill  moon  just  risen,  at 
Sb  40m  Pacific  Meridian,  I  saw  a  very  large  and  brilliant 
meteor  or  fire-ball  which  came,  as  nearly  as  I  could  estimate, 
from  a  point  midway  between  the  stars  Gamma  and  Alpha 
Leonis.  It  pursued  a  southerly  course  along  an  arc  drawn 
through  those  stars  and  seemed  to  disappear  at  a  point 
about  half  way  between  Regulus  and  a  Hydrse.  Then  in- 
stantly it  reappeared  just  a  very  little  farther  on,  became 
quickly  as  bright  as  ever,  wabbled  from  east  to  west  as  it 
flew  on  and  dow^,  turned  in  a  hooked  path  toward  the  west 
and  almost  instantly  disappeared  about  six  degrees  directly 
north  of  «  Hydrse. 

Its  motion  was  very  rapid,  the  total  interval  of  time  from 
appearance  to  final  extinction  being,  by  my  estimate,  not 
more  than  one  second.  Its  trail  at  no  time  was  very  long, 
and  died  out  quickly,  but  was  the  broadest  that  I  have  ever 
seen,  and  was  uneven  or  humpy  at  different  parts  of  its  length 
seen  at  the  same  instant.  The  wabbling  motion  or  vibra- 
tion before  mentioned  was  very  marked  and  there  was  an 
evident  tendency  to  drift  toward  the  west.  The  hooked  path 
at  the  time  of  extinction  was  short  and  faint,  the  last  direc- 
tion being  about  at  right  angles  to  the  long  path,  but  was  a 
well  marked  deflection  from  it. 

The  head  and  trail  of  the  fire-ball  had  the  same  color ; 
namely,  a  yellow  as  seen  through  a  green  mist  or  vapor. 

The  intensity  of  the  light  was  about  that  of  Saturn,  but 

the  apparent  size  of  the  fire-ball  was  that  of  Venus  at  time  of 

greatest  brilliancy.  frank  soule. 

Students*  Observatory,       1 
Berkeley,  Cal.,  May  16,  1889.  j 


The  Trisection  of  the  Arc.  We  have  received  a  pamphlet 
from  Michael  H.  Brennen  of  Devil's  Lake,  Dakota,  entitled 
"  The  Trisection  of  the  Arc."  Most  of  our  readers  probably 
know  that  the  problem  of  trisecting  an  arc  is  very  old,  and 
that  the  ancient  geometers  were  unable  to  solve  it  by  the 
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ordinary  methods  of  geometry  as  then  known.  It  was  only 
by  the  aid  of  the  higher  plane  curves  that  the  solution  was 
found,  and  in  this,  Diocles.  the  inventor  of  the  "Cissoid," 
and  Nicomedes,  the  author  of  the  "Conchoid,"  were- the 
leaders.  The  latter  lived  in  the  second  century  of  the  Chris- 
tian era,  and  the  former  in  the  sixth.  That  which  led  to  the 
discovery  of  these  two  different  and  interesting  curves  was 
the  persistent  endeavor  of  these  scholars  to  find  a  method  of 
trisecting  an  angle,  and  for  constructing  two  geometrical 
means  between  two  straight  lines  and  ultimately  to  con- 
struct a  cube  double  a  given  cube. 

The  Cissoid  of  Diocles  referred  to  rectangular  coordinates 
gives  an  equation  of  the  third  degree,  while  the  Conchoid  of 
Nicomedes  is  a  locus  of  the  fourth,  and  yet  both  solve  the 
problem  of  duplicating*  the  cube,  or  trisecting  the  angle,  be- 
cause they  are  essentially  one  problem.  Later  Sir  Isaac  New- 
ton gave  an  elegant  mechanical  method  of  producing  the  Cir- 
soid by  continuous  motion,  which  is  found  in  Lardner'sAlge- 
braic  Geometry.  This  curve  has  also  been  shown  to  be  the 
locus  of  the  vertex  of  a  common  parabola  rolling  in  an  equal 
parabola.  With  these  leading  points  pertaining  to  the  his- 
tory of  this  problem  let  us  turn  to  Mr,  Brennen's  work  and 
see  what  has  been  added  in  the  way  of  method  or  principle  to 
that  which  is  altjpady  known. 

Starting  with  the  eqation  x' — 3j:-t-ra  =  0(l),  in  which  x 
has  one  real  value, supposex=_v;thenjc—r  =  0.  Depress  the 
former  equation  by  dividing  by  the  latter  and  the  result  is 
-v'  — ,vr-f  I-"  — 3  =  0  (2).  Equation  (2)  represents  an  ellipiw 
with  the  semi-axis  inclined  45°  to  rectangular  axis  of  refer- 
ence in  the  negative  direction.  The  semi-axes  of  the  ellipse 
are  respectively  the  v6  and  the  v2.  and  the  curvi  cuts  the  axes 
of  reference  at  ±  »  3  for  both,  and  the  foci  arc  each  2  from  the 
center. 

The  next  step  taken  by  the  author  is  to  show  that  this 
equation  of  an  ellipse  is  the  locus  of  the  intersection  of  a 
plane  with  the  convex  surface  of  a  right  cylinder.  The  trian- 
gle formed  by  the  oblique  plane  of  the  ellipse,  the  base  of  the 
cylinder  and  a  perpendicular  from  the  upper  vertex  of  the 
ellipse  is  right  angled,  with  sides  respectively  v3.  1.  >2,  aod. 
is  called  "the  mystic  triangle."  This  triangle  is  the  key  to- 
the  solution  of  the  problem   under   consideration,  by 
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author's  method.  Chiefly  by  the  use  of  this,  the  connection 
between  the  chord  of  the  given  arc,  as  shown  on  a  perpendic- 
ular transverse  section  of  the  cylinder  and  the  point  on  the 
ellipse  whose  ordinate  represents  the  value  of  the  chord  of 
one-third  of  the  ^^rc  is  determined. 

In  doing  this  some  very  interesting  relations  appear  in 
the  author's  work.  Referring  to  the  cubic  equation  again, 
it  apears  that  the  three  roots  under  consideration  are  all 
real,  and  that  their  sum  is  equal  to  zero,  although  Cordan's 
process  of  solving  the  equation  shows  that  x  is  apparently 
imaginary.  Now,  if  a  curve  is  produced  by  the  intersection 
of  what  is  called  a  trisecting  radius  with  the  chord  of  a 
whole  arc,  or  such  chord  produced,  the  locus  closely  resem- 
bles the  Lemniscate  of  Bernoulli.  But  the  Lemniscate  is  the 
locus  of  the  intersection  of  a  perpendicular  from  the  origin 
on  the  tangent  to  the  equilateral  hyperbola,  and  it  is  well 
known  that  the  square  of  the  ordinate  of  a  hyperbola  is  to 
the  rectangle  c»f  the  distances  from  its  foot  to  the  vertices,  as 
the  square  of  the  semi-conjugate  axis  is  to  the  square  of  the 
semi- trans  verse  axis.  Now,  if  A  =  Vi  %3m  and  a  point  T  on 
the  ellipse  is  conicidently  in  the  axis  of  the  cone  and  hyper- 
bola, the  distance  from  such  point  to  the  vertex  is  also  A. 
Then  this  proportion  will  follow : 

m'  :\^sSni,  v3  m  ::  B'  iVsm' 
Viv3in  =  A,  e  =  ^2,  P  =  A. 

We  have  not  given  this  interesting  paper  the  full  attention 
it  deserves.  Its  successive  steps  in  development  ought  to 
have  been  illustrated  by  approximate  figures.  It  seems  to 
us  that  Mr.  Brennen's  work  on  this  interesting  old  problem 
has  in  it  points  of  originality  that  show  a  high  order  of 
analysis  in  dealing  with  conies. 


Encourage  Young  Observers.  Within  the  last  few  months 
we  have  received  many  letters  from  young  observers,  giving 
account  of  what  thev  have  seen  with  their  own  instruments. 
The  observations  have  generally  been  on  objects  familiar  to 
Astronomers,  and  many  of  the  things  seen  entirely  com- 
monplace and  not  important  enough  for  public  notice.  But 
it  has  been  our  purpose  constantly  to  answer  all  such  let- 
ters with  a  word  of  encouragement,  and  a  suggestion  or 
'two  in  the  line  of  the  student's  thinking  and  work,  so  as  to 
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lielp  him  to  persevere ;  because  it  is  no  easy  task  to  start  in 
observing  on  astronomical  studies  and  depend  on  one's  self 
largely  for  guidance.  Where  one  will  succee<l  ten  will  fail. 
The  circumstances  are  not  improved  for  such  students  if 
astronomers  make  light  of  their  weak  attempts,  or  answer 
occasional  queries  from  them  in  such  a  way  that  there  wnll 
be  no  desire  to  get  help  from  that  source  any  longer.  A 
worthy  young  man  has  recently  been  so  unkindly  treated,  in 
this  particular,  that  the  following  sentence  1  know  to  be 
but  a  part  of  the  sting  keenly  felt  by  him :  "I  era  glad  to 
receive  some  encouragement  from  such  a  reliable  source;  to 
tell  the  truth,  I  had  almost  resolved  not  to  say  anything 
more  about  my  observations,  but  to  keep  them  to  myself  in 
the  future." 

Not  long  ago,  while  attending  a  public  meeting  of  scien- 
tists, one  physicist  of  national  reputation  in  the  course  of 
his  paper,  took  occasion  to  berate  the  small  Oljservatory 
whose  telescope  was  used  "  to  look  at  the  moon  with  "  in  a 
very  remarkable  manner,  claiming  how  much  better  it 
would  be  to  turn  all  funds  used  for  such  purposes  into  one 
large  institution  of  national  character  and  for  the  «id  of 
great  achievements  in  pure  science.  His  was  a  lofty  period 
of  irony,  and  no  doubt  its  eflFect  was  to  make  the  little 
scientists  wish  they  had  staid  at  home  if  any  had  been 
guilty  of  dabbling  with  small  things  at  any  time.  Others 
might  lose  their  patience  and  think  (if  they  did  not  say) 
such  rhetoric  is  nonsense  and  had  l>etter  be  omitted  from  the 
deliberations  of  scientific  societies, 

Netv  Edition  of  Chambers'  Descriptive  Astronomy.  From 
a  private  letter,  dated  April  15,  by  Professor  G.  H.  Cham- 
bers, Northfield  Grange  Observatory,  East  Bourne,  Sussex, 
England,  we  learn  that  a  new  edition  of  his  Descriptive  As- 
tronomy is  to  appear  very  soon.  His  numerous  American 
friends  and  correspondents  may  not  all  know  that  the  first 
volume  of  this  new  fourth  edition  was  expected  to  be  pub- 
lished during  the  month  of  May.  The  high  place  that  the 
third  edition  of  his  astronomy  has  held  in  the  opinion  of 
American  scholars  is  ample  guaranty  that  the  new  < 
of  this  standard  work  will  find  ready  and  general  i 
America. 


] 
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The  Pond  Motor  Astronomical  Clock.  We  were  so  much 
interested  in  a  recent  account  given  us  of  the  study  of  Ob- 
servatory time-keeping  by  Mr.  Chas.  H.  Rockwell,  of  Tarry- 
town,  N.  Y.,  that  we  append  a  full  report  of  it  for  the  benefit 
of  our  readers. 

Five  years  ago,  when  he  first  received  his  almucantar,  he 
commenced  a  series  of  experiments  on  clocks.  The  almucan- 
tar itself  was  then  an  experiment,  but  he  found  its  use  for 
time  determination  more  satisfactory  than  the  transit 
instrumeat.  It  is  not  worth  while,  here,  to  give  a  list  of  the 
batteries,  motors,  escapements  and  pendulums  which  he  tried 
and  discarded  before  coming  to  his  present  combination. 
All  his  experiments,  however,  have  been  with  electric  clocks 
in  one  form  or  another.  He  considers  it  a  very  great  advan- 
tage to  be  able  to  avoid  going  frequently  into  the  clock- 
room,  and  to  free  the  movement  from  even  the  small  dis- 
turbance of  winding  with  a  key.  Certainly  it  is  no  disad- 
vantage to  the  clock  to  be  let  alone. 

In  the  present  instance  he  locked  up  the  clock-room  on  the 
8th  of  November  last,  and  the  door  was  not  re-opened  until 
April  22d,  when  he  found  ever^'thing  in  good  condition. 
The  power  is  supplied  by  three  Laclanche  cells,  conveyed  to 
the  motor  by  about  fift^"  feet  of  No.  14  copper  wire.  The 
Pond  motor  winds  the  train  each  hour,  using  the  spring 
more  gently  and  more  uniformly  than  if  it  were  required  to 
run  for  twenty-four  times  as  long  a  period. 

The  escapement  was  invented  by  Mr.  Jas.  H.  Gerry,  who 
was  for  a  number  of  3'ears  the  foreman  of  the  Howard  Clock 
Co.,  Boston. 

It  is  an  improved  form  of  the  well-known  gravity  escape- 
ment, presenting,  however,  some  peculiarities  which  com- 
mend it  to  him  over  anv  other  form  with  which  he  is 
acquainted. 

One  of  these  is  the  opportunity  to  change  the  arc  of  vibra- 
tion of  the  pendulum.  The  pendulum  is  now  swinging  2°  20' 
from  the  center. 

Som^  day  he  hopes  to  be  able  to  undertake  a  series  of 
experiments  in  this  line,  to  learn  whether  better  results  can 
be  obtained  with  a  large  arc  or  a  small  arc. 

The  pendulum  he  is  using  was  made  from  his  own  draw- 
ings, by  Messrs.  Warner  &  Swasey,  of  Cleveland.    The  jar  is 
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three  inches  in  diameter  by  nine  inches  deep  inside,  and  was 
bored  out  of  a  solid  bar  of  steel. 

He  is  using  thirty-one  and  a  half  pounds  of  mercury.  Tak- 
ing an  ordinarj'  Frodshara  pendulum  as  a  standard,  he 
has  dispensed  with  the  thumb-hold,  also  with  the  jam-auc, 
also  with  the  sleeve,  on  which  the  regulating  screw  is  cut; 
discarding  especially  the  clumsy  pointer  which  we  some- 
times see.  The  regulating  screw  is  cut  on  the  rod  itself, 
which  is  three-eighths  inches  in  diameter.  This  screw  is 
received  in  the  nose  of  the  top  of  the  jar,  and  the  whole  jar  is 
turned  op  or  down,  as  may  be  required.  In  looking  at  the 
memorandum  of  the  running  of  the  clock  one  will  notioe 
changes  in  the  sign  of  the  daily  rate. 

A  week  of  warm  weather,  Aug.  30  to  Sept,  5,  gnve  a 
continuance  of  the  small  gaining  rate.  A  few  days  of  cool 
weather,  Sept.  5  to  Sept.  13,  gave  a  small  losing  rate. 
This  indicated  too  much  mercury  in  the  jar,  so  he  took  out 
thirty-seven  grains. 

He  is  now  working  at  the  problem  to  find  the  proper 
amount  of  mercury  for  temperature  correction,  to  compen- 
sate the  expansion  and  contraction  of  the  pendulum-rod. 


Camden  Astronomical  Society.  From  a  recent  private 
letter  we  are  informed  that,  in  Camden,  N.  J.,  an  Astronom- 
ical Society  has  been  formed,  of  which  there  are  now  eleven 
members.  The  society  owns  a  complete  Observatory  with. 
a  o'/^inch  equatorial,  transit  instrument,  chronograph, 
sidereal  clock,  and  the  various  accessories  in  the  way  of 
micrometers,  solar  eye-pieces,  etc.  They  have  also  ordcretl 
a  spectroscope  which,  when  completed,  will  about  6nish 
their  outfit.  The  society  was  incoporated  in  April  of  lost 
year.  The  officers  are  E.  E.  Read,  Jr.,  president;  A.  B.  Uv 
puy,  secretary. 


Janaary    Total  Eclipse.     In  our  report  of  C.  W. 
observation  of  the  total  solar  eclipse  of  Jan.  1,   1889,  It*^ 
was  an  oversight  not  to  have  given  the  size  of  the  telescope 
used.     It  was  a  4-inch  objective.  42'/2  inches  focal   length. 
Powers  75  to  250.    In  observing  first  and  fourth  contacts, 
power  75  was  used. 


A^ 
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Lunar  Study  near  Plato,  Just  under  Plato  is  a  square 
enclosure,  sometimes  called  the  **  battlements."  It  is 
bounded  on  two  sides  by  high  ridges,  on  the  other  two 
by  those  which  are  verj*^  much  lower,  one  of  which  is  barely 
visible.  Just  in  the  shadow  of  the  highest  is  the  form  of  a 
cross,  which  is  a  very  curious  object.  It  is  not  more  than 
about  four  miles  each  way  but  it  is  almost  perfectly  symmet- 
rical. To  me  it  looks  as  though  it  were  very  high  in  the 
centre  and  sloped  towards  the  ends  of  the  arms.  It  can  be 
seen  when  the  terminator  is  just  beyond  Copernicus,  and 
well  repays  search.  I  looked  a  long  time  in  vain  to  see  it, 
but  never  at  just  the  right  time.  When  it  is  near  the  termi- 
nator I  judge  it  is  hidden  in  the  shadow  of  the  wall,  and 
after  the  sun  gets  above  it,  it  disappears  completely  from 
want  of  contrast  with  the  small  shadow  it  throws.  Webb 
mentions  it,  but  says  he  never  succeeded  in  seeing  it. 

A.   B.   D. 


Satellites  of  Uranus.  While  at  the  Observatory  of  a  friend 
on  the  evening  of  June  6,  1888,1  turned  the  6%-inch  re- 
fractor, an  admirable  glass  by  Cook,  upon  Uranus,  and  saw 
near  the  planet,  at  first  one,  later  in  the  evening,  two^  faint 
stars,  "glimpse  stars,"  so  to  speak.  They  were  verj^  un- 
steady, yet  I  presumed  them  to  be  the  satellites,  Oberon 
and  Titania.  The  time  of  the  observation  was  86  20m 
mean  time,  Elizabeth,  N.  J.  Micrometric  measurements  gave 
their  respective  distances  about  93"  and  14-9",  which  were 
recorded.  Several  evenings  later  their  distances  had  become 
greater,  and  soon  one  was  invisible,  but  every  measurement 
showed  a  widening  distance.  I  therefore  concluded  that  the 
objects  could  not  belong  to  Uranus,  but  were  stars  over 
which  the  planet  was  moving.  henry  Harrison. 

South  Bergen,  May  16,  1889. 


Wokingham  Observatory,  The  spectra  of  R  Leonis  and  R 
fl^rdrse contain  bright  (hydrogen?)  lines,  first  seen  on  Feb. 
23th.  Observation  confirmed,  through  the  kindness  of  Mr. 
Oommon,  by  Mr.  Taylor,  at  Baling,  who  sees  two  in  R  Leo- 
nis and  one  in  R  Hydra?.  T.  e.  espin. 

April  2, 1889.    Circular  No.  23. 
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EDITORIAL  NOTES. 

Our  readers  will  please  remember  that  July  and  August, 
or  September,  are  usually  vacation  months,  and  that  the 
Messenger  will  not  be  published  for  two  of  these  months. 
In  making  up  annual  files  for  binding,  the  consecutive  num- 
bers will  always  be  found  on  the  first  page  of  the  cover,  and 
the  first  page  of  the  reading  matter  of  each  issue. 


It  is  also  asked  that  our  friends  in  the  list  of  foreign  sob- 
scribers  will  please  remember  to  draw  all  post-office  orden 
for  remittances  on  either  the  offices  at  Faribault,  Minn.,  or 
St.  Paul,  Minn.,  and  not  on  the  office  at  Northficld,  New 
York,  or  any  other,  for  the  first  is  not  a  foreign  money-order 
office,  and  collections  from  others  are  inconvenient. 


We  have  greatly  desired  for  a  long  time  to  add  some  new 
features  to  the  Messenger  which  seem  to  us  desirable,  to 
increase  its  usefulness  and  general  interest  in  it.  We  refer 
now  particularly  to  the  feature  of  biographical  sketches  and 
suitable  engravings  of  the  great  astronomers  of  the  world 
and  possibly  other  noted  men  in  kindred  scholarly  pursuits, 
especially  those  who  have  contributed  largely  to  the  past 
or  present  growth  of  astronomical  science,  although  thdr 
chosen  life  work  may  have  been  in  some  other  pro^sion. 
We  feel  special  interest  in  this  feature,  not  only  for  the  variety 
of  contents  that  it  may  give  to  each  volume  of  the  Mes- 
senger, but  also  because  that  if  such  work  be  well  and 
systematically  done  it  will  be  a  contribution  to  the  history 
of  our  science  that  is  now  lamentably  neglected.  In  order 
to  present  as  many  as  ten  fine  engravings  each  year  and  to 
secure  the  best  biographical  sketches  possible,  considerable 
expense  will  be  involved,  3'et  it  is  believed  that  our  subscrib- 
ers will  not  object  to  a  slight  increase  of  subscription  price 
if  so  valuable  a  feature  as  this  and  some  others  should  be 
added  in  way  of  compensation. 


During  the  last  two  months  the  attention  given  to  eclipse 
reports  and  other  current  topics  has  so  filled  our  space  as 
practically  to  crowd  out  the  long  list  of  queries  on  astro- 
nomical themes  that  have  come  to  our  table  from  various 
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sources,  including  the  professional  astronomer,  as  well  as 
the  amateur.  This  phase  of  current  thought  will  be  re- 
sumed again  in  our  next  publication. 


.  The  Parallax  of  61  Cygni,  Under  date  of  May  1,  1889, 
in  Astronomiscbe  Nacbricbten,  No.  2895,  we  notice  that  W. 
T.  Lynn  has  rightly  called  attention  to  the  omission  of 
Professor  Asaph  Hall's  determinations  of  the  parallax  of  61 
Cygni  in  the  list  of  such  determinations  given  by  Mr.  Belo- 
polsky.  Professor  HalPs  measures  were  made  in  two 
series,  one  in  1885-6  and  the  other  in  1880-1,  and  published 
in  the  Washington  Observations  for  1883  in  the  year  1887. 

Mr.  Lynn  also  says  that  Mr.  Belopolsky  has  inserted  a 
value  by  Dr.  Gill  of  0".50,  but  that  value  is  not  the  result 
of  a  determination,  as  readers  might  suppose,  but  is  appar- 
ently taken  from  an  article  by  Dr.  Gill  on  parallax  in  the 
Encyclopedia  Britannica,  in  which  he  mentions  that  as 
probably  the  best  result  from  all  the  determinations.  But 
Professor  Hall's  investigation,  which  gave  a  result  of  0'^27 
±  0".01,  makes  it  probable  that  the  true  value  is  smaller. 
Some  time  ago  we  called  attention  to  the  important  work  of 
Professor  Hall  in  the  study  of  the  parallax  of  this  star. 


Chandler  on  Variable  Star  Phenomena,  In  speaking  of 
the  work  on  variable  stars  at  Harvard  College  Observatory 
(in  another  place  in  this  issue)  during  the  last  four  years,  we 
had  not  then  seen  the  article  by  Mr.  Chandler  in  the  Astro- 
nomical Journal,  No.  193,  entitled,  **  On  the  general  relations 
of  variable  star  phenomena."  From  that  interesting  article 
we  gather  the  following  points  of  general  interest:  That  a 
comparison  of  the  phenomena  of  the  variable  stars  naturally 
b^ns  with  a  knowledge  of  that  set  of  relations  that  spring 
from  periodicity,  such  as  the  coordination  of  the  lengths  of 
the  periods  with  the  number  of  variables,  with  their  color, 
with  their  range  of  fluctuation,  with  the  forms  of  their  light- 
curves  and  the  irregularities  of  their  period  and  of  the  light- 
variations.  The  number  of  known  variable  stars  is  yet 
small  for  thorough  or  exhaustive  comparison  in  all  these 
particulars,  and  hence  some  conclusions  will  be  uncertain, 
bat  there  are  others  that  are  established  beyond  doubt. 

1.     It  was  known   long,  ago  that  variable   stars   differ 
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widely  in  the  length  of  their  periofls  of  light-variation.  This 
is  not  a  chance  relation,  but  doubtless  exists  in  the  nature  of 
the  bodies  themselves.  This  inference  is  drawn  from  a  table 
showing  three  classifications,  "the  first  by  Schonfeld  in 
1863,  with  71  periods  known;  the  second  in  1875,  with  101 
known  periods"  by  the  same  astronomer,  and  the  last  with 
160  periods  by  Mr.  Chandler  in  18S8.  Prom  this  table  the 
excess  of  short  periods  is  ayjparent.  even  after  we  exclude  the 
nine  stars  of  the  Algol-type.  The  maximum  of  the  long 
period  variables  lies  at  about  320  days. 

2.  The  fact  that  a  large  proportion  of  variables  are  more 
or  less  red  also  attracted  early  notice,  and  led  to  the  belief 
that  some  connection  existed  between  color  and  variability. 
Mr.  Chandler  thinks  that  present  knowledge  of  this  relation 
maybe  stated  as  follows:  "That  those  stars  whose  chemi- 
cal constitution  manifests  itself  to  us  by  redness  of  their 
light  are  especially  inclined  to  change  in  brightness."  We 
may  go  one  step  further  and  say,  "  that  the  redness  of  the 
variable  stars  is,  in  general,  a  function  of  the  lengths  of  their 
period  of  light-variation.  The  redder  the  tint  the  longer  the 
period."  If  this  shall  prove  true  as  discoveries  go  on,  a  long 
step  will  have  been  taken  in  finding  the  causes  of  stellar  vari- 
ation. 

3.  The  range  of  variation  and  the  length  of  the  period. 
This  relation  is  less  certain  than  either  of  the  preceding  ones, 
and  the  only  feature  of  interest  that  appears  from  study  so 
far  is  that  there  is  a  dissimilarity  between  the  variables  of 
short  period  and  those  of  long  period  in  this  particular. 

The  last  point  is  the  length  of  period  compared  with  irreg- 
ularities of  their  periods  and  of  their  light-variations.  The 
discussion  of  this  is  only  begun  in  this  paper.  Its  full  con- 
sideration is  reserved  for  awhile,  and  until  certain  work  now 
in  hand  can  be  completed. 


Table  of  Standard  Wa\'e  Lengths.  The  Johns  Hopkins 
University  Circular  for  May,  No.  73,  is  devoted  to  aotcs 
from  the  physical  laboratory.  It  contains  a  table  of  stand* 
ard  wave  lengths  by  Professor  Rowland  and  an  interesting 
article  on  "The  Concave  Grating  in  Theory  and  Practice," 
by  Joseph  S.  Ames,  with  one  full  page  plate.  The  matbe* 
raalical  part  of  the  article  shows  the  general  theory  of  the 
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grating,  and  also  the  theory  of  errors  in  adjustment.  In 
the  descriptive  part  will  be  found  a  full  reference  to  the 
accompanying  plate,  information  concerning  proper  adjust- 
ments, how  to  use  the  grating  and  something  of  the 
methods  of  work  with  this  delicate  piece  of  apparatus. 
Particular  mention  is  made  of  the  contents  of  this  circular, 
because  not  a  few  of  our  readers  will  find  in  it  answers  to 
some  of  the  queries,  at  least,  that  have  suggested  them- 
selves whenever  the  subject  of  gratings  is  under  considera- 
tion. Few  will  be  able  to  read  the  mathematics,  most  will 
be  profited  by  the  descriptive  part,  and  some  may  be  helped 
who  are  trying  to  use  the  gratings. 


The  Williams  College  Catalogue  of  North  Polar  Stars, 
Right  Ascension  for  1885,0,  This  catalogue  is  the  work  of 
Henry  Truman  Saffbrd,  Ph.  D.,  Professor  of  astronomy  at 
Williams  College,  Mass.  It  was  made  partly  for  the  prac- 
tical use  it  might  serve,  to  other  astronomers  as  well  as 
himself,  and  partly  as  a  beginning  of  a  more  extensive  list 
whose  observation  is  in  progress.  Professor  Saflford  has 
also  desired  to  strengthen  the  weak  points  of  all  our  stand- 
ard catalogues,  viz.,  the  right  ascensions  of  polar  stars.  To 
observe  these  stars  well  is  one  of  the  most  difficult  tasks  in 
the  range  of  meridian  circle  work,  and  ^hich  has  been  neg- 
lected chiefly  because  few  modern  observers  in  the  possession 
of  precision  instruments  care  to  undertake  it. 

The  instrument  used  is  this  work  is  a  fine  Repsold  merid- 
ian circle  like  those  at  Madison,  West  Point  and  North  field. 
The  aperture  of  the  object-glass  is  4V4  inches  French,  the 
ratio  of  aperture  to  focal  distance  1:12,  and  the  diameter  of 
the  circle  20  inches  French,  with  four  micrometers  on  either 
side  reading  to  seconds  directly. 

The  mode  of  making  this  catalogue  has  been  mainly  dif- 
ferential, but  in  the  case  of  polars,  observations  were  made 
above  and  below  the  pole,  because  this  process  eliminates  a 
certain  portion  of  the  personality  of  the  standard  observers 
whose  catalogues  were  Professor  Safford's  guide,  and  substi- 
tutes his  own  in  their  stead.  If  Professor  Safford  had  used 
zero  stars  above  the  pole,  for  observations  above  the  pole, 
and  observed  below  the  pole  in  a  similar  manner,  his  right 
ascensions  would  have  been  purely  differential  and  the  stand- 
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ard  that  of  Pnlcova.  This  be  claims  he  did  not  do  partly 
because  the  close  circumpolars  \vere  too  few,  and  partly 
because  the  proper  motions  since  1865  are  themseU'es 
'    effected  with  unknown  personalities. 

The  standard  catalogue  at  first  adopted  was  that  of  Pub- 
lication 1-i  of  the  Astronomrsche  Gesellschat't.  The  errors 
that  were  found  in  this  catalogue  were  due  to  a  lack  of 
knowledge  of  true  proper  motion.  A  list  of  eleven  stars 
was  chosen  from  this  catalogue,  all  within  ten  degrees  of  the 
pole,  for  instrumental  correction.  In  the  plan  of  observa- 
tion, Professor  Safford  says",jhe  avoided  the  use  of  Pond's 
method,  which  is  employed  at  Greenwich  for  time  stars  only, 
and  not  for  declinations,  although  Pond  at  first  himself  so 
used  it.  He  thinks  that  method  is  now  antiquated  and  that 
we  need, at  the  present  time,  to  discriminate  between  known 
or  standard  stars  and  those  which  are  unknown  and  to  be 
determined.  He  then  points  out  the  errors  of  the  Pond 
method  and  says.  "I  am  pretty  well  convinced  that  the 
strict  use  of  a  standard  catalogui;  for  clock  corrections  and 
instrumental  zeros,  and  a  careful  study  of  these  latter  re- 
sults, will  produce  more  accurate  secondary  places  than  any 
other." 

The  stars  used  forelock  correction  were  commonly  those 
of  the  Berlin  Jahrlluch.  If  the  stars  were  taken  from  the 
American  cphemeris  they  ^vere  reduced  to  the  Jahrbuch 
standard  by  a  correction  of—  0.016s  suggested  by  Professor 
Auwers.  The  collimation  was  at  first  obtained  by  the 
level  and  the  mercurial  horizon,  afterwards  by  the  collima- 
tors. No  star  was  considered  as  determined  on  any  evening 
which  had  been  required  on  the  sara;  evening  for  instru- 
mental corrections. 

The  observations  began  in  the  summer  of  18S2  and  the 
instrument  has  not  been  reversed  at  all,  but  Professor 
Saffnrd  proposes  to  do  ao  soon.  He  thinks  the  reversal  of 
the  instrument  will  not  much  affect  the  results  already  ob- 
tained because  the  range  of  declination  is  small.  The  ob- 
ject-glass and  eye-piece  have  been  once  interchanged,  and  the 
more  important  stars  have  been  observed  in  both  positions. 
This  will  diminish  pivot  errors  upon  the  mean. 

Then  follows  the  detailed  study  of  the  catalogue  which  will 
prove  of  special  interest  to  those  engaged  in  meridian  circle 
work. 
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The  catalogue  proper  embraces  six  tables,  the  first  a  list 
of  right  ascensions  for  1883.0;  the  second  a  list  of  right 
ascensions  for  1884.0 ;  third,  mean  right  ascensions  reduced 
to  1885.0;  four  and  five,  observations  respectively  of 
1886  and  1887;  and  six  is  the  catalogue  of  261  stars 
arranged  in  the  order  of  right  ascension.  The  first  column 
gives  the  current  number;  second,  the  star's  name ;  third, 
mean  epoch;  fourth  and  fifth,  number  of  observations ;  sixth, 
mean  right  ascension  for  1884.0;  seventh,  precession ; 
eighth,  secular  variation;  ninth,  declination  for  1885.0; 
tenth,  annual  variation  in  declination. 

This  catalogue  appears  to  be  a  piece  of  very  careful  and 
thorough  work,  as  well  might  be  expected  from  the  reputa- 
tion of  its  distinguished  author. 

Death  of  Dr,  Warren  De  la  Rue,  We  regret  to  find  in  the 
May  number  of  the  Observatory  the  following  sad  notice: 

The  scientific  world  has  sustained  a  great  loss  in  the  death 
of  Dr.  Warren  De  la  Rue,  F.  R.  S.,  whose  energy  was  only 
equalled  by  his  generosity.  His  friends  had  noticed  with 
regret  for  some  time  past  that  his  health  was  rapidly  fail- 
ing ;  but  he  made  great  efforts  to  attend  the  meetings  of  the 
Royal  Astronomical  Society,  and  at  the  last  Annual  General 
Meeting  spoke  a  few  pertinent  words  on  his  own  subject, 
photography.  He  died  on  Good  Friday  last,  at  the  age 
of  74.  

South  Bergen  Observatory.  The  private  Observatory  of 
Henry  Harrison  is  Ht  South  Bergen,  N.  J.  Many  of  our  read- 
ers will  remember  the  artistic  work  of  Mr.  Harrison,  named 
the  telescopic  picture  of  the  moon,  of  which  we  have  spoken 
many  times  favorably.  In  a  recent  private  letter  he  says : 
**After  selling  my  4V4-inch  telescope  of  short  focus,  I  mounted 
one  5%  inches  in  aperture  of  74  inches  focus,  with  circles  re- 
spectively 8  and  12  inches  in  diameter.  I  have  sidereal  and 
mean  time  clocks,  micrometer  and  spectroscope.  My  astro- 
nomical work  is  limited,  being  confined  to  drawing  mainly. 
I  am  now  at  work  on  a  picture  of  the  nebula  of  Orion."  Mr. 
Harrison  speaks  of  his  unfinished  work  of  the  series  of  tele- 
scopic moon  pictures,  the  first  of  which  only  was  published. 
Some  scientific  friends  have  been  in  conference  to  ascertain 
what  it  would  cost  to  complete  the  series.    It  is  to  be  hoped 
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that  the  lithographic  plates  will  not  be  found  so  expensire 
as  to  long  delay  the  completion  of  this  unique,  accurate  and 
very  useful  representation  of  the  moon's  surface. 

The  Jena  Glass  for  Telescopes.  From  time  to  lime  queric* 
have  been  made  concerning  the  Jena  glass,  its  advantages 
over  common  glass  and  the  prospects  of  its  use  for  telescopes 
in  the  future.  Until  recently  little  could  be  said  in  answer  to 
these  queries  because  the  glass  was  new.  having  been  tested 
only  in  a  small  way  by  physicists  or  opticians,  so  far  as  we 
have  known.  In  a  paper  published  by  Professor  C.  S,  Hast- 
ings, in  the  June  number  of  the  American  Journal  ofScieace 
and  .4rrs,  entitled  "Secondary  Chromatic  Aberration  for  a 
Double  Telescope  Objective,"  a  description  of  a  telescope 
sensibly  free  from  this  defect  is  given  and  the  glass  used  is  of 
the  new  kind.  As  to  its  advantages  and  the  probability  thai 
it  may  Ije  used  for  telescojw  objectives  something  of  interest 
is  learned  from  the  paper  above  referred  to.  as  follows: 

"The  largest  objective  which  could  be  made  of  the  pieces 
in  my  posses.sion  was  of  2%  inches  clear  aperture.  This, 
though  smaller  than  desired,  was  sufEcient  to  give  a  fairly 
satisiactor\-  answer  to  the  questions.  Accordingly  the 
glasses  were  worked  accurately  to  the  curvatures  and  thick- 
nesses corresponding  to  the  compulations  and  mounted  for 
use.  The  astonishing  beauty  of  the  images  in  the  new 
telescope  was  its  most  surprising  feature  at  first.  The  famil- 
iar purple  was  wholly  wanting,  or  at  least,  could  onlv  be 
recognized  with  the  closest  attention,  with  magnifying 
powers  greater  than  forty  to  the  inch  aperture,  and  on  ob- 
jects  most  suitable  to  its  exhibiton.  Bat  the  moment  that 
the  instrument  was  applied  to  astronomical  use  it  was  also 
evident  that  its  defining  power  was  remarkable.  The  com- 
panions to  Polaris  and  Rigel,  instead  of  being  objects  which 
require  somewhat  careful  looking,  as  is  the  case  with  my  eye 
and  an  ordinary  achromatic  of  the  same  aperture,  were 
strikingly  plain.  More  difficult,  but  certainly  seen,  was  the 
fifth  star  in  ^  Ononis.  The  binary  star,  ',  Orionis,  was  so 
well  elongated  that  its  position  angle  was  estimated  to 
within  5°  of  its  true  value;  on  the  other  hand,  i  Ursa  Major, 
which  I  suppose  to  have  at  present  a  separation  of  1  '.T, 
was  divided  only  with  difficulty  on  a  fairly  good  evening 
though  it  was  supposed  that  it  would  be'  easy.  Saturn 
showed  all  that  I  have  seen  with  an  admirable  telescope  of 
considerablv  greater  aperture,  including  more  than  half  of 
Ball's  division, the  rin^  C.  a  single  belt  and  five  satellites, 
though  Tetliys  and   Dione  have  not  been  seen  unless  they 
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had  an  elongation  equal  or  greater  than  that  of  the  end  of 
the  ring.  Rhea  has  been  seen  in  conjunction.  By  reference 
to  the  records  of  many  observations  which  have  been  made 
with  various  telescopes  the  power  of  the  new  telescope  was 
estimated  as  equivalent  to  a  SVq  inch  objective  of  the  ordi- 
nary construction.  The  powers  used  varied  from  53  to  265 
diameters,  with  194  as  the  most  satisfactorv  for  Saturn  and 
for  double-stars. 


The  Trees  along  the  Canals  of  Mars,  A  reader  of  the 
Messenger  asks  if  we  will  explain  for  the  benefit  of  novices 
the  following  paragraph  clipped  from  the  Chicago  Tribune 
of  date  May  22 :  **  Wiggins  says  his  discovery  of  the  reces- 
sion of  the  earth  from  the  sun  is  the  greatest  discoverj-  of 
the  age.  The  recession,  he  says,  is  proved  by  what  is  known 
as  the  precession  of  the  equinoxes,  which  causes  the  tropical 
year  to  be  shorter  than  the  sidereal,  the  latter  being  the  real 
measure  of  the  earth's  increasing  orbit.  The  time,  he  de- 
clares, will  come  when  it  will  be  necessary  to  carve  up  the 
continent  by  canals  such  as  we  see  on  Mars,  and  the  same  is 
no  doubt  true  of  the  planets  Saturn  and  Jupiter.  Trees  will 
be  planted  along  the  canals  to  produce  moisture  as  they  ap- 
pear to  be  along  the  canals  of  Mars." 

Friend  Colbert,  what  is  the  matter  with  the  Tribune  edi- 
torial staflF?  They  ought  every  one  to  be  indicted  for  astro- 
nomical heresy.  If  you  do  not  see  to  it  the  reporters  of 
the  Tribune  will  next  be  asking  astronomers  what  kinds  of 
trees  Wiggins  has  planted  by  the  canals  of  Mars.  The 
worst  of  it  is  we  imagine  how  Professor  McLeod  of  Mon- 
treal, next  town  to  Wiggins'  place,  will  smile  when  he  sees 
that  Chicago  has  the  news  first  hand. 


Colby  s  New  Physical  Laboratory.  In  a  letter  bearing  the 
date  May  19,  from  Professor  W.  A.  Rogers,  we  were  de- 
lighted to  learn  that  Col.  R.  C.  Shannon,  a  graduate  of 
Colby  University,  has  contributed  the  sum  of  $15,000  for 
the  erection  of  an  Observatory  and  physical  laborator\'  for 
the  department  of  physics,  which  is  Professor  Rogers'  depart- 
ment of  work  in  the  University.  Professor  Rogers  says  the 
laboratory  will  be  fully  equipped  for  metrological  work,  and 
that  soon  he  will  order  $3,000  worth  of  apparatus  for  this 
special  line  of  work. 
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Photographic  Chart  of  the  Sky.  The  third  number  of  the 
Bulletin  of  the  Permanent  International  Committee  on  the 
photographic  chart  of  the  sky  has  just  been  received.  It  con- 
tains an  in troductorj-  note  by  the  president  of  the  commit- 
tee, Admiral  Mouehez,  referring  to  the  coming  reunion  of  the 
committee  at  Paris,  Sept.  15,  1SS9;  a  Description  of  an 
Instrument  and  E.\planation  of  a  Method  of  measuring  the 
positions  and  magnitudes  of  stars  photographed  and  of  en- 
Kraving  them  upon  metallic  plates,  by  Mr.  Isaac  Roberts; 
Measures  of  Plates  according  to  the  method  of  rectangular 
coordinates,  by  H.  G.  van  de  Sande  Bakhuyzen ;  commanica- 
tions  relative  to  the  dimensions  of  the  reticules  to  be  used  for 
the  measurement  of  plates,  by  Drs.  H.  C.  Vogel  and  D.  Gill, 
and  the  correspondence  between  several  members  of  the  com- 
mittee. The  paper  by  Mr.  Roberta  apiwared  in  the  Xovem- 
ber  number  of  the  Monthly  Notices  of  the  R.  A.  S.  and  is 
illustrated  by  actual  specimens  of  measurement  and  engrav- 
ing, which  appear  to  be  very  satisfactory. 

Professor  van  de  Sande  Bakhuyzen  also  gives  the  results 
of  actual  measurement  of  a  photographic  plate  taken  by  the 
Henrys,  Aug.  5,  1887,  and  a  comparison  of  these  results 
with  the  Leyden  meridian  circle  observations  of  the  same  re- 
gion of  sky.  The  portion  of  the  plate  exposed  was  about 
fi  in.  or  2^  in  diameter  and  contained  34-1  measurable  stars. 
The  comparison  with  the  meridian  observations  shows  that 
the  relative  positions  obtained  by  photography  are  at  leiist 
equal  in  accuracy  to  those  obtained  with  the  best  meridian 
circles. 

In  the  correspondence  Mr.  Gil!  suggests  the  following  as 
the  most  important  points  to  be  decided  upon  by  the  Con- 
gress in  1889: 

1.  Assignment  of  region  of  sky  to  be  photographed  at 
different  observatories. 

2.  What  time  shall  be  allowed  each  observatory  in  which 
to  complete  the  work?  In  case  any  observatory  fails  to 
perform  the  amount  of  work  assigned  to  it  shall  the  Bureau 
confide  this  work  to  another  more  active  observatory? 

'■i.  Annual  reports  will  he  required  of  each  observatory. 
These  reports  will  be  addressed  to  the  president  and  pub- 
lished in  the  Bulletin. 

4.     What  kind   of  plates  shall    be   adopted?     Shall   the 
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plates  be  furnished  by  the  same  laboratory  and  verified  by 
the  same  person,  appointed  by  the  Bureau  ? 

5.  What  are  the  best  methods  by  which  to  photograph, 
as  far  as  possible,  all  the  stars  to  the  14th  and  11th  magni- 
tudes on  the  two  series  of  plates  ?  How  shall  we  decide 
that  the  plates  contain  quite  all  the  stars  in  question  ? 


Professor  C,  Piazzi  Smyth  of  Clova,  Ripon,  England,  has 
again  favored  us  with  one  of  those  genial  letters  which  occa- 
sionally it  is  our  good  fortune  to  receive.  In  the  midst  of  un- 
favoring  circumstances,  so  far  as  externals  are  concerned, 
we  can  still  read  between  the  lines  the  fervor  of  a  hope  in 
usefulness  that  nothing  mortal  can  quench  or  disarm. 
What  matters  it  though  the  years  be  three-score  and  ten, 
the  light  of  a  soul  true  and  good  bums  on,  and  the  j^lorious 
stars  keep  their  courses,  and  will,  till  the  better  hope  be 
ushered  in.  

Dr.  Copeland  has  removed  to  Edinburgh.  His  address 
will  be  Royal  Observatory-,  or  15  Royal  Terrace,  Edinburgh, 
Scotland.  We  are  informed  that  the  Dun-Echt  circulars  will 
be  continued  from  Lord  Crawford's  Observatory  as  hereto- 
fore.   

Latitude  of  Detroit  Observatory,  We  have  received  a 
paper  by  Ludoic  Estes,  Ph.  D.,  formerly  of  the  University  of 
Michigan,  now  at  the  University'  of  North  Dakota,  Grand 
Forks,  which  contains  a  full  discussion  of  the  latitude  of  the 
Detroit  Observatory,  Ann  Arbor,  Michigan.  The  instru- 
ment used  was  a  3-inch  transit  instrument,  made  bv  Messrs. 
Pauth  &  Co.  of  Washington,  D.  C,  of  which  a  particular 
description  is  given.  After  finding  the  value  of  a  revolution 
of  the  micrometer  screw,  the  value  of  one  division  of  the 
zenith  level,  and  a  table  of  needed  star  places,  the  observa- 
tions and  reductions  of  138  pairs  of  stars  are  given  in 
tabular  form  for  the  determination  of  the  latitude  sought. 
The  discussion  of  the  results  appears  in  full  and  shows  a 
good  degfree  of  precision  in  detail.  The  final  result  obtained 
for  the  latitude  of  the  Observatorv  at  Ann  Arbor  is  42°  16' 
•  47".87.  That  which  has  been  in  use  by  the  American  Ephem- 
eris  is  42°  16'48".00,  a  difference  of  o'l3"  of  a  second  of  arc. 
Mr.  Estes*  work  is  published  in  neat  form. 
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Errata,  In  the  April  issue,  page  168, 12th  line  from  top, 
the  word  **  light "  should  be **  chromosphere."  On  page  169, 
7th  line  from  top,  the  word  ** southward**  should  be  ** out- 
ward." On  the  same  page,  9th  line  from  bottom,  the  w^ord 
"photosphere"  should  be  ** chromosphere."  Page  184,  last 
l^ne,  for  **  photosphere,"  read  **  chromosphere." 

In  the  May  issue,  page  228,  10th  line  from  bottom, 
**Batche"  should  read  **Bache."  Page  231,  first  line,  '*oc- 
cultation"  should  read  **  osculation."  On  the  same  page, 
9th  line  from  bottom,  **  Brighton"  should  be  **Bridgeton." 


BOOK  NOTICES. 


Elements  of  Geometry.  A  New  System  of  Presentation ;  by  C.  F.  R.  Bellows, 
M.  A.,  C.  E.,  Professor  of  Mathematics,  Michigan  State  Normal  School, 
and  Author  of  Several  Text-Books  on  Mathematics.  Philadelphia: 
Mesft-s.  John  E.  Potter  and  Company,  Publishers,  29  to  35  North  Tenth 
Street ;  pp.  374. 

The  author  of  this  new  book  calls  the  attention  of  the 
teacher,  in  the  outset,  to  geometry  as  an  educational  instru- 
ment, adapted 

1.  To  train  the  hand  and  the  eye ; 

2.  To  train  the  attention  and  concentrate  the  mind ; 

3.  Te  develop  the  imagination  and  conceptive  power ; 

4.  To  cultivate  the  language,  and 

5.  To  develop  and  train  the  logical  powers. 

These  are  evidently  the  ideas  of  a  teacher  of  large  experi- 
ence and  mature  judgment  in  the  available  uses  of  geometry 
as  a  means  of  cultivating  and  strengthening  the  mental 
powers,  and  of  one  who  believes  that  **it  is  what  a  student 
does  for  himself,  not  what  is  done  for  him,  that  educates 
him."  With  these  principles  in  mind,  particular  attention 
will  be  given  to  the  choice  and  arrangement  of  the  subject 
matter  of  the  text-book  to  be  used.  In  this  geometry  the 
classification  of  its  themes  finds  logical  sequence  in  the  order 
of  the  properties,  relations  and  measurement  of  geometrical 
figures.  The  old  ^method  of  dividing  the  work  into  books, 
instead  of  into  chapters  and  sections,  is  followed,  contrary  to 
the  practice  of  the  best  late  writers.  While  not  a  serious 
defect,  this  plan  seems  to  us  to  disturb  the  unity  and  the 
continuity  of  the  theme,  which  is  so  well  modernized  in  other^ 
essential  particulars. 

The  books  are  ten  in  number,  treating  respectively  of  the 
following  topics :    1,  lines,  angles,  polygons ;  2,  proportion, 
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similarity;  3,  the  circle;  4,  rectangles  on  lines;  5,  supple- 
mentary subjects ;  6,  points,  lines  and  planes ;  7,  polyedral 
angles ;  8.  polyedrons ;  9,  the  three  round  bodies ;  10,  spheri- 
cal angles  and  polygons. 

In  the  details  of  the  plan  careful  attention  is  given  to  defi- 
nitions and  illustration,  so  that  the  student  is  early  made 
acquainted  with,  and  is  exercised  in,  the  easy  and  exact  lan- 
guage of  geometry,  which  is  the  first  essential  in  strong 
argument.  The  book  differs  from  others  in  the  mode  of  its 
proofs  of  theorems.  Instead  of  giving  a  demonstration 
complete  as  is  ordinarily  done,  the  proposition  is  stated, 
mode  of  constructing  the  figure  and  of  making  the  special 
enunciation  are  shown,  and  then  something  of  an  outline  of 
the  proof  given,  leaving  the  student  something  to  do  to  com- 
plete the  demonstration  and  draw  the  proper  conclusion. 
This  exercises  the  reasoning  powers  constantly  and  neces- 
sarily without  making  the  work  of  proofs  an  effort  of  mem 
ory  on  the  part  of  the  student,  which  is  too  often  the  case 
when  the  full  demonstrations  are  given.  Then,  to  be  sure 
that  the  student  understands  what  he  is  doing,  questions,un- 
solved  examples  and  bare  theorems  are  freely  used  through- 
out the  work  in  keeping  with  its  general  plan  as  before  sug- 
gested. By  the  aid  of  such  a  book  on  geometry  as  this  a 
student  ought  to  be  able  to  get  an  excellent  knowledge  of 
the  subject  in  the  time  usually  allotted  to  its  study.  The 
publishers  have  put  this  book  in  a  very  neat  dress,  indeed 
quite  as  novel  as  the  work  of  its  author  inside, 


Algebraic  Analysis,  Solutions  and  Exercises  Illustrating  the  Fundamental 
Theorems,  and  the  Most  Important  Processes  of  Pure  Algebra ;  by  G.  A. 
Wentworth,  A.  M.,  Professor  of  Mathematics  in  Phillips  Exeter  Acad- 
emy, J.  A.  McLellan,  LL.  D.,  Inspector  of  Normal  Schools,  and  Conductor 
of  teachers'  Institutes,  Ontario,  Canada,  and  J.  C.  Glashan,  Inspector 
of  Public  Schools,  Ottawa,  Canada.  Part  1.  Boston,  U.  S.  A.:  Messrs. 
Ginn  &  Company,  Publishers,  1889:  pp.  418. 

This  is  a  book  intended  for  teachers  or  students  in  algebra 
who  wish  to  supplement  the  ordinary  text-books  for  fuller 
knowledge  of,  or  as  specialists  in,  this  interesting  branch 
of  mathematics.  In  the  first  part  the  following  themes 
appear:  Substitution,  principle  of  s^^mmetry,  factoring, 
measures  and  multiples,  linear  equations  of  one  unknown 
quantity,  simultaneous  linear  equations,  quadratic  equa- 
tions, indices  and  surds,  cubic   and    quartic  equations  and 
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determinants.  The  method  of  treating  a  topic  is  to  give  a 
large  number  of  solutions  typical  in  character,  then  a  great 
number  of  exercises  to  bring  out  methods  and  principles 
that  are  new  as  well  as  those  known  to  elementary  algebra: 
in  this  way  the  work  serves  as  a  guide-book,  or  a  work  of 
reference.  As  an  illustration,  let  us  take  the  theme  of 
factoring  and  briefly  indicate  how  the  authors  have  treated 
it.  The  first  point  is  the  direct  application  of  the  funda- 
mental formulie: 

(x±y)'  =  x'±  2xy+y. 

Following  this  is  the  statement,  in  ordinary  language,  of 

the  meaning  of  the  above  formulic.    Four  typical  examples 

solved,  show  their  application  to  algebraic  expressions  of 

quite  varied  form  of  which  the  third  is  a  fair  example : 

(a-  b)'  +  (h-c)'  +  2  la-b)  (h-c)  = 

(a~h  +  h  —  c)  (a  — 6  +  6  — c)  =  (a— c)  (a-c) 

Remarks  pointing  out  the  facts  pertaining  to  the  signs  of 
the  monomial  terms  of  the  expressions  are  next  given,  fol- 
.  lowed  by  nearly  a  page  of  exercises  involving  numerical 
and  literal  exponents.  The  formula  for  the  diflerence  of  the 
squares  of  two  quantities  is  next  treated  in  a  way  entirely 
similar  to  those  just  given.  The  method  of  resolving  a  tri- 
nomial with  one  perfect  square  term  into  two  binomial  fac- 
tors is  fully  treated  and  covers  eight  consecutive  pagea. 
Then  follow  twelve  pages  devoted  to  an  extended  applica- 
tion of  these  general  formulae,  consisting  of  groups  of  exer- 
cises, amounting  in  all  to  nearly  one  hundred  separate  exam- 
ples to  factor,  in  the  application  of  principles  and  sugges- 
tions accompanying  the  exercises.  Factoring  by  parts  and 
the  application  of  the  theory  of  divisors  are  the  last  points 
under  this  general  head  of  factoring,  and  their  development 
covers  thirty  pages  of  well  selected  matter,  giving  the 
themes  a  fullness  and  generality  of  treatment  that  is  unus- 
ually exhaustive. 

We  were  also  interested  in  reading  the  topics  entitled  cubic 
and  quartic  equations  and  that  of  determinants.  It -w-oald 
seem  to  us,  after  years  of  experience  in  teaching,  that  those 
who  intend  to  teach  or  study  algebra  in  an  exact  and  com- 
prehensive way  would  do  well  to  give  this  important  work 
a  careful  examination.  It  is  especially  commended  to  at)  who 
are  fond  of  algebraic  analysis. 
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CONDUCTED  BY  WM.  W.  PAYNE. 
Director  of  Carleton  College  Observatory,  Northfield,  Minn. 


Vol.  8,  No.  7.  AUGUST,  1889.  Whole  No.  77. 


NOTE  ON  RECENT  PAPERS  OF  DR.  HUGGINS. 


PROFESSOR   C.    A.   YOUNG. 
For  Thb  Mbmbngbr. 

Dr.  Huggins  has  recently  published  two  important  notes 
which  bear  heavily  upon  certain  details  of  Mr.  Lockyer's 
"Meteoric  Hypothesis."  One  of  the  notes  relates  to  the 
position  of  the  principal  line  in  the  spectrum  of  the  Aurora 
Borealis ;  and  the  other  to  the  photographic  spectrum  of 
nebabe. 

Mr.  Lockyer  has  taken  the  wave-length  of  the  aurora  line 
as  558  (millionths  of  a  millimetre),  which  he  identifies  with 
the  bright  edge  of  one  of  the  **  flutings  "  in  the  low  tempera- 
ture spectrum  of  manganese.  Apart  from  all  questions  of 
wave-length,  the  identification  of  a  sharp,  definite  line  like 
that  of  the  aurora  spectrum  with  the  edge  of  a  fluting 
struck  many  spcctroscopists  from  the  first  as  highly  improb- 
able. To  this  may  be  added  that  an  agreement  of  three 
figures  in  the  observed  wave-lengths  of  two  lines  would  be 
entirely  insufficient  to  establish  i^ore  than  a  faint  presump- 
tion of  their  identity ;  at  least  four  figures,  and  often  five, 
would  be  necessary.  But  Mr.  Huggins  shows  that  the  wave- 
length of  the  auroral  line  cannot  vary  more  than  one  or  two 
ten  millionths  of  a  millimetre  from  5571,  instead  of  being 
S580.  The  writer  can  add  that  a  number  of  unpublished 
observations  of  his  own  quite  confirm  this  (they  were  never 
pabUshed  because  they  simply  confirmed  the  results  already 
obtained  by  others). 

A  word  here  as  to  the  presence  of  this  auroral  line  in  the 
^ffj^ruva  of  the  zodiacal  light,  which  Mr.  Lockyer  assumes 
W  tke  strength  of  a  statement  by  Angstrom  that  he  had  ob- 
served it.  But  Angstrom  himself \loes  not  consider  that  it 
bdonged  in  the  spectrum  of  the  zodiacal  light,  for  at  that 
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time  the  auroral  line  could  be  seen  "anywhere  in  the  sky." 
It  was  when  aurora  were  prevalent  almost  continuously. 
There  is  no  satisfacton,'  evidence  that  the  zodiacal  light 
spectrum  contains  a  single  bright  line  or  band. 

As  regards  the  nebulK  Mr.  Huggins  gives  a  list  of  no  less 
than  16  lines  as  belonging  undoubtedly  to  the  spectrum  of 
the  nebula  of  Orion  (6  of  which  are  obser\'able  visually), 
and  20  more  which  lie  in  three  groups,  and  seem  to  belong 
both  to  the  spectrum  of  the  trapezium  stars  and  of  the  por- 
tion of  the  nebula  immediately  adjacent.  Dr.  Huggins  has 
made  a  careful  investigation  by  direct  visual  comparison  be- 
tween the  spectrum  of  magnesium  and  that  of  the  nebula, 
with  reference  to  Mr.  Lockyer's  identification  of  certain  of 
the  most  conspicuous  lines  of  the  nebula  spectrum  with  the 
edges  of  certain  flutings  in  the  low  temperature  spectrum  of 
that  element.  He  finds  that  the  brightest  nebnia  line  has  a 
wave-length  of  5004.8  (probable  error  about  ±  0.3),  and 
that  it  is  about  tivo  Angstrom  units  more  refrangible  than 
the  first  line  in  the  mg.  band  at  "  500,"  to  use  Mr.  Lockyer's 
"  three-figure  "  notation ;  its  true  i)Osition  is  5006.4  accord- 
ing to  Lieving  and  Dewar.  Under  proper  arrangements  Dr. 
Huggins  was  able  to  observe  the  two  lines  (of  the  nebula 
and  of  rag.)  simultaneously  forming  a  rather  close  tJouble 
line,  the  lower  component  of  which  vanished  when  even  the 
mg.  flame  was  screened  off. 

As  to  the  other  lines  in  the  nebula  spectrum  upon  wbicb 
Mr.  Locker  relies  as  confirming  the  presence  of  mg.  in  these 
bodies  Dr.  Huggins  show^  that  while  indeed  the  line  at  3724 
nearly  agrees  with  one  of  three  lines  in  a  mg.  triplet,  the 
other  two  lines  of  the  triplet  do  not  ap]>ear  in  the  ncbnla 
Bpectrum,  though  in  the  mg.  spectrum  they  are  ftilly  as  « 
bright  as  the  one  at  3724.  He  considers  it  perfectly  certain 
that  mg.  hohls  no  such  place  in  the  nebula  spectrum  as  Mr. 
Lockyer  imagines, 

As  to  further  conclusions  that  may  hereafter  perhaps  be 
deduced  from  the  photographs,  Dr.  Huggins  is  disposed  to 
be  non-committal.  A  most  interesting  relation,  however, 
seems  to  be  indicated  between  the  stars  of  the  trapezium 
and  the  surrounding  nebula;  the  short,  bright  lines  which 
cross  the  star  spectrum*and  extend  out  into  the  nebula  spec- 
trum almost  prove  what  has  long  been  believed,  that  the 
stars  are  only  condensed  masses  of  the  nebula. 


On  the  Observation  of  Sudden  Phenomena,         291 


As  regards  the  meteoric  hypothesis  in  general,  there  is  no 
question  that  as  a'*  working  hypothesis  '* it  has  considerable 
value;  but  we  should  be  on  our  guard  against  the  confidence 
with  which  Mr.  Lockyer  expresses  himself  in  respect  to  iden- 
tifications of  spectrum  lines  based  on  **  three-figure  wave- 
lengths/* and  the  oflF-hand  way  in  which  he  often  says  **  we 
iiiow,"  in  cases  where  we  really  are  entitled  to  nothing  more 
than  an  opinion  more  or  less  probable:  as,  for  instance,  where 
in  a  recent  paper  he  says  (Proc.  Royal  Soc,  Vol.  xlv.,  p.  389) 
of  the  spectrum  of  the  sun,  that  it  **  must  lie  on  the  descend- 
ing side  of  the  curve,  as  we  know  it  to  be  cooling.**  I  am 
not  aware  of  any  evidence  that  is  decisive  on  this  point, 
though,  as  things  stand  at  present,  it  seems  probable  that  it 
has  passed  its  maximum  temperature.     ' 

Princeton,  May  25,  1889. 


ON  THE  OBSERVATION  OF  SUDDEN  PHENOMENA.* 


S.    p.    LANG  LEY. 


By  a  sudden  phenomenon  is  here  meant  one  of  that  large 
class  where  the  occurrence  is  awaited  without  the  observer's 
previous  knowledge  of  its  exact  instant,  and  of  which  famil- 
iar examples  may  be  found  in  the  bursting  of  a  rocket,  the 
appearance  of  a  meteor,  or  the  emergence  of  a  star  from  be- 
hind the  moon.  A  great  part  of  all  the  phenomena  of  daily 
life,  as  well  as  of  scientific  observation,  are  of  this  kind, 
though  the  importance  of  a  special  instance  of  another  class 
(I  refer  to  the  gradual  and  foreseen  approach  of  a  star  to  a 
wire)  has  drawn  to  this  latter  such  particular  attention 
that  we  are  apt  to  think  only  of  it  when  ** personal  error** 
is  in  question. 

When,  in  an  Observatory,  we  study  the  means  taken  to 
record  the  precise  time  of  the  transit  of  a  star,  we  find  that 
the  precision  of  modern  apparatus  has  reduced  the  error 
which  we  may  expect  in  almost  any  part  of  the  mechanism 
to  an  extremely  minute  amount,  which  may  be  calculated  to 
the  fractional  part  of  the  one  hundredth  of  a  second.  I  say 
''almost/'  for,  as  we  are  all  aware,  there  is  one  notable  ex- 
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ception,  at  least  until  photograpliy  can  be  made  to  inter- 
vene. The  human  brain  and  nerves,  and  behind  these  the 
inscrutable  processes  of  the  will,  themselves  form  an  ineTit- 
able  link  in  the  chain  of  apparatus  of  observation,  and  here 
an  error  may  and  does  arise  enormously  greater  than  that 
of  al!  the  rest  put  together. 

We  all  know  that  this  error  varies  with  the  individual  and 
the  occasion.  It  is  most  constant  in  the  experienced  obsenr* 
er,  but  even  in  his  case  it  varies  with  the  daily  accidents  of 
the  human  organism,  and  even  with  him  it  is  presumably 
constant  only  for  the  particular  observation  to  which  the 
experience  applies.  There  is  not  even  a  presumptipn,  I  think, 
that  the  personal  equation  ticlonging  to  an  experienced 
transit  observer  would  apply  to  the  same  person's  notation 
of  the  occupation  or  emergence  of  a  star,  and  still  less,  if 
possible,  to  any  phenomenon  outside  his  ordinary  profes- 
sional experience;  for  we  must,  of  course,  recognize  that  we 
carry  this  fallibility  with  us  in  every  act  of  life,  and  that  it 
is  just  as  present  when  we  attempt  to  determine  the  instant 
at  which  a  race-horse  passes  the  winning  post  as  when  we 
seek  to  note  the  particular  hundredth  of  a  second  at  which 
a  star  passes  the  wire. 

The  very  words  "  personal  equation  "  imply  that  the  crrore 
due  to  this  fallibility  can  be  ascertained  and  allowed  for.and 
may  lead  us  to  think  (if  we  think  carelessly)  that  there  is  a 
personal  equation  always  ascertainable;  whereas,  as  wc  in 
fact  know,  it  is  only  possible  to  apply  the  correction  where 
long  habit  has  settled  the  amount  of  error  to  be  expected 
with  regard  to  some  one  special  phenomenon. 

The  number  of  devices  for  obtaining  and  correcting  the 
personal  equation,  even  in  the  special  case  of  meridian  ob- 
servation, is,  as  those  who  have  studied  the  subject  know, 
surprisingly  great.  I  think  I  have  myself  examined  morc- 
than  fifty  such,  and  with  hardly  an  exception  they  all  exhibit-: 
variations  on  one  idea — the  idea,  that  is,  that  the  error  muBC 
have  been  committed  Urst ;  the  committing  of  the  error  be — - 
ing  assumed  to  he  an  inevitable  necessity,  for  which  aubsC'' 
quent  correction  has  to  lie  made. 

I  have  thought,  then,  that  it  might  be  interesting  if  I  wen 
to  ask  you  to  consider  with  me  whfit  may  seem  at  first  tbi 
somewhat    paradoxical    suggestion,    that    means    may   I> 
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fottnd  by  which  any  individual,  skilled  or  ignorant,  may 
make,  not  only  meridian  observations,  but  an  observation 
of  any  sudden  visible  event  of  whatever  nature  so  accurate- 
ly that  we  need  apply  no  correction,  because  the  precision 
may  be,  if  not  absolute,  at  least  such  that  no  correction  will 
in  ordinary  practice  be  needed.  I  may  deceive  myself  in 
thinking  that  what  I  have  to  suggest  involves  a  novel  idea, 
but  I  am  led  to  suppose  so  from  the  fact  that  I  have  met  no 
application  of  it  in  a  somewhat  extended  reading  on  this 
point. 

Let  me  first  remark  that  while  such  error  as  that  in  ques- 
tion doubtless  belongs  to  all  the  senses  in  some  degree,  we 
arc  at  this  moment  considering  it  in  connection  with  the 
sense  of  sight  only. 

When  we  see  anything  in  motion  (let  us  suppose  for  in- 
stance a  passing  train  on  the  railroad)  we  have  the  well- 
known  facts  that — 

First.  An  instantaneous  photograph  is  made  by  the  optic 
lens  upon  the  retina,  there  being  a  picture  formed  there 
which  is  perfectly  distinct,  but  which  fades  out  upon  the 
retinal  plate  in  from  one-tenth  to  one-quarter  of  a  second, 
^rhile  the  perception  of  this  image  is  under  ordinary  circum- 
stances* sensibly  instantaneous;  (but) — 

Second,  Nerves  convey  the  distinct  impression  of  every 
part  of  this  picture  to  the  brain,  and  it  is  here,  if  we  have  to 
act  on  this  impression,  that  a  certain  time  is  lost,  not  only 
in  the  carrying  of  the  message  along  one  set  of  nerves  and 
the  bringing  back  the  answer  on  the  other,  but  in  the  decis- 
ion that  is  being  made  by  that  unknown  and  inner  self, 
which  appears  to  us  to  exert  here  a  more  or  less  conscious 
act  of  will. 

In  the  case  of  a  sudden  and  startling  event,  the  time 
elapsed  may  be  almost  indefinitely  great ;  and  in  some  cases, 
probably  several  entire  seconds  may  pass  without  the  con- 
sciousness of  the  observer.  A  very  imperfectly  appreciated 
interval  must  occur  in  all  cases,  for  what  we  have  just  said 
applies  to  every  event  of  our  daily  lives,  and  the  professional 
observation  is  only  a  particular  instance  of  it. 

•  The  writer**  observations  (Am.  Jour.  Sc.,  Nov.,  1888)  show  that  appre- 
ciate time  is  required  for  perception  of  the  retinal  impression,  with  certain 
e«ceitiTely  faint  lights;  but  these  are  not  here  in  question. 
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Now,  I  ask  your  attention  to  the  practical  instantaneity 
of  the  formation  of  this  visual  picture,  which  is  known  to 
be  obtained  where  the  duration  of  the  phenomenon  to  be  ob- 
served is  much  less  than  the  one  thousand-millionth  of  a  sec- 
ond, and  where  we  have  every  reason  to  believe  that  the 
actual  formation  of  the  image  on  the  retina  under  known 
ordinary  conditions  I'equires  a  time  of  like  order. 

We  may  say,  then,  that  the  casting  of  a  picture  on  the 
retina  is  instantaneous.  It  is  its  fading  out  that  requires 
time,  and  it  is  while  this  fading  out  takes  place,  and  even 
long  after  it,  that  the  work  of  perception,  decision  and  ac- 
tion is  going  on  behind  the  retinal  curtain  in  the  chambers 
of  the  brain.  Notice,  then,  that  while  to  determine  when  a 
phenomenon  occurs  may  require,  under  some  circumstances, 
several  seconds,  and  under  all  ordinary'  circumstances  a  not- 
able fraction  of  a  second,  to  determine  where  it  occurs  re- 
quires (sensibly)  no  time  at  all,  for  one  single  impression 
remains  on  the  retina  long  enough  to  obtain  full  recognition 
and  to  be  reproduced  by  processes  of  memory. 

I  can  make  m\'  meaning  clearer,  perhaps,  by  usin^  the 
same  specific  instance  as  before.  Let  us  suppose  that  an  ac- 
cident to  a  passenger  on  the  passing  train  is  the  phenome- 
non, the  time  of  whose  occurrence  is  to  be  noted,  and  that 
this  accident  is  seen  from  a  room  in  which  there  are  two 
windows  looking  on  the  track.  We  must  have  seen  the  ac- 
cident, if  it  be  instantaneous,  either  through  the  first  win- 
dow or  the  second.  If  we  had  been  led  to  anticipate  that 
we  should  be  called  upon  to  say  through  which  window  we 
saw  it,  I  think  we  mav  all  admit  that  there  would  be  no  dis- 
crepancy  on  this  point  between  different  observers,  for  in 
this  case  we  are  considering  onh'  the  element  of  position, 
and  the  element  of  time  does  not  directh'  enter  at  all,  so  that 
observers  in  the  same  position  who  had  been  bidden  to  note 
through  which  window  they  saw  it  would  all  agree  on  this 
point. 

Now  a  connection  can  here  obviouslv  be  established  be- 
tween  the  place  and  the  time,  from  which  we  infer  the  latter, 
if  we  are  granted  the  knowledge  of  two  facts:  the  time  at 
which  the  carriage  could  have  first  come  into  view  from  the 
first  window,  and  the  time  at  which  it  must  have  passed  out 
of  view  behind  the  second ;  for  if  we  suppose  the  speed  of 
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the  train  to  have  been  uniform,  we  have  the  means  of  decid- 
ing the  fraction  of  the  time  when  we  know  the  fraction  of 
space.  Here,  then,  as  in  the  case  of  a  common  clock  or  chro- 
nograph, or  any  device  where  time  and  space  are  proportion- 
al, we  can  infer  the  former  from  the  latter;  only  let  it  be  ob- 
served that  we  here  need  no  recording  apparatus.  What  we 
use  is  the  memorv  of  where  the  event  occurred ;  in  other 
words,  we  recall  the  impression  on  the  retinal  screen  and 
have  no  need  to  bring  into  use  what  we  may  call  the  time- 
p)erception  apparatus  of  the  brain  which  lies  behind  it ;  nor 
do  we  in  fact  need  that  the  object  of  our  observation  shall 
be  really  in  motion,  but  only  that  it  shall  be  made  to  appear 
to  be  so. 

This  last  point  is  all  important,  and  what  I  ask  \'our  at- 
tention to  is  an  experiment  heretofore,  I  think,  untried,  and 
which  is  perhaps  a  novel  application  at  the  fundamental 
horological  idea  that  time  and  space  must  be  made  propor- 
tional, for  it  seems  to  me  it  must  be  theoreticalh'  possible, 
not  only  in  the  case  of  the  clock  or  the  chronograph,  but  al- 
ways, to  so  connect  the  former  with  the  latter  that  the 
essential  task  of  the  observer  is  to  sav  where  anv  visible 
event  apparently  occurred,  and  then  let  some  mechanism 
outside  of  himself  say  when. 

That  at  least  is  the  idea,  and  if  it  has,  as  I  hope,  been 
clearh'  apprehended  b^'  you,  I  will  now  ask  your  attention 
to  a  working  plan  for  carrying  it  out.  Numerous  different 
devices  have  been  under  my  consideration.  I  will  take  one 
which  is  primarily  designed  for  the  observation  of  an\'  celes- 
tial phenomenon,  though  it  could  very  well  be  adapted  to 
terrestrial  ones;  and  in  order  to  fix  our  ideas  I  will  suppose 
that  we  have  an  event  which  we  know  the  approximate 
time  of,  but  which  may  burst  upon  us  at  some  fraction  of  a 
second  which  we  want  to 'determine.  I  will  assume  (merely 
to  fix  our  thoughts)  that  we  wish  to  note  the  time  at  which 
a  star  emerges  from  behind  the  dark  body  of  the  moon  with 
an  accuracy  which  ensures  us  that  we  have  not  made  an 
error  so  great  as  one-twentieth  of  a  second. 

You  see  I  hold  in  my  hand  a  f>eculiar  eye-piece,  which  has 
been  made  to  observe  this  or  any  other  terrestrial  or  celes- 
tial phenomenon  of  sudden  occurrence.  It  can  also  be  used 
for  meridian  observation,  but  its  special  field  seems  to  lie  in 


noting  an  event  where  no  correction  for  personal  equation  is 
applicable.  This  event  may  be  anything  celestial  or  terres- 
trial, from  the  entrance  of  Venus  on  the  disc  of  the  sua  to 
the  explosion  of  a  mine ;  but  for  the  purpose  of  illustratioii 
merely,  let  us  take  it  to  be  the  sudden  appearance  of  a  star. 

On  looking  into  the  telescope  we  see,  in  the  first  place,  two 
prominent  wires  crossing  each  otherat  right  angles, dividing 
the  field  of  view  into  four  quadrants.  Now,  by  a  fiira|^ 
mechanism,  which  I  shall  shortly  explain,  any  object  that 
our  telescope  is  directed  on — any  fixed  star,  for  example— 
seems  to  be  revolving  in  the  field,  passing  successively 
through  the  first,  second,  third  and  fourth  quadrants.  If 
the  star  is  hidden  the  mechanism  is  working  just  the  same, 
and  when  the  star  appears  it  must  evidently  first  be  seen  in 
some  particular  one, of  those  four  quadrants,  and  experience 
shows  that  we  shall  have  no  difficulty  in  telling  in  which 
one.  The  mechanism  itself  has  recorded  for  us  by  an  elec- 
tric contact  the  limiting  instant  between  which  it  is  possible 
to  see  the  beginning  and  the  end  of  the  cycle  during  which 
revolution  may  be  supposed  to  be  made.  It  is  not  necessary 
that  this  cycle  should  last  just  one  second  ;  but,  supposing  it 
(still  for  illustration  only)  to  be  a  second,  if  it  was  seen  in 
the  first  quadrant  it  was  seen  in  the  first  quarter  of  the  sec- 
ond ;  if  it  was  in  the  second  quadrant,  sometime  in  the  sec- 
ond quarter  of  the  second ;  in  the  third,  in  the  third  quar- 
ter; in  the  fourth,  in  the  final  quarter.  .\11  that  we  hove  to 
do  in  this  case  is  to  know  in  which  second  it  occurred :  for 
the  quarter  of  a  second  we  may  say  is  noted  for  us  by  the 
purely  automatic  action  of  the  optic  lens  and  retina,  since 
the  first  image  on  the  retina  must  be  that  of  the  star  as  seen 
in  some  particular  one  of  the  four  quadrants. 

Going  a  little  farther,  we  will  now  suppose  each  of  the 
four  quadrants,  which  in  turn  correspond  to  quarter 
seconds,  to  be  divided  into  five  parts,  so  that  the  whole 
circle  is  divided  into  twenty.  .\11  the  observer  has  to  »s\y  is 
in  which  quadrant  and  in  which  subdivision  of  the  quadrant 
the  star  appears,  to  .say  in  which  twentieth  of  the  second 
(or  other  brief  cycle)  it  emerged. 

The  reticule  I  have  just  described  is  fixed  in  the  focus  of  the 
eye-piece  and  does  not  revolve.  What  does  revolve  is  a 
minute  double  prism  of  total  reflection  just  before  the  rcii- 
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cttle,  toe  middle  of  whose  reflecting  face  lies  in  the  optical 
axis,  and  by  whose  means  the  optical  axis  is  twice  broken 
at  a  right  angle,  so  that  when  the  telescope  is  directed  at  a 
star  the  image  of  the  star  is  not  seen  at  the  center  of  the 
field,  bat  on  one  side  of  it.  If  the  prism  is  revolved,  the  star 
most  appear  to  revolve  in  a  circle  whose  radios  is  nearly 
that  of  the  side  of  the  prism. 

The  little  prism  is  turned  by  a  small  piece  of  watch-work, 
but  it  is  not  at  all  necessary  that  this  should  be  exact,  since 
all  we  demand  is  that  the  rate  shall  be  constant  during  a 
second  or  so — a  condition  easily  secured  Miitb  the  most  ordi- 
nary mechanism. 


fia.1.  DitMuutttt. 


Pim.  I.  SttTMH. 


S.P.LAHaUX.  INVT 


The  sketch  and  the  apparatus  exhibited  sufficiently  indi- 
cate, I  think,  the  simple  means  by  which  this  is  brought 
about.  t 

Figure  1  is  a  section  one-half  full  size.  A  A  A  is  the  outer 
tube,  which  can  be  fitted,  if  desired,  into  the  eye  end  of  a 
tekacope.  b  6  is  the  inner  tube,  resting  on  friction-wheels 
ff,  rerolvcd  by  the  clock-work  c  about  once  a  second,  and 
tvcordtog  the  time  at  which  a  key  in  the  observer's  hand 
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may  be  pressed  to  indicate  the  particular  second.  This  rec- 
ord may  be  made  electrically  by  the  wires  ir  u-  on  a  chrono- 
graph, or  more  simply  and  directly  on  a  little  attached  dial 
like  that -of  a  recording  stop-watch. 

p  is  the  prism  of  double  total  reflection,  r  r  is  the  posi- 
tion of  the  fixed  reticule  {shown  independently  as  it  appeim* 
to  the  observer  and  of  full  sige  in  figure  2.) 

c  e  are  the  lenses  of  a  positive  eye-piece.  7  is  a  lamp  for 
gii-ing  wire  iHumination.  if  desired,  when  a  telescope  is  em- 
ployed. 

Field  illumination  is  readily  obtained  by  making  the  dia- 
phragm in  which  the  prism  p  is  set  of  translucent  material. 

Finally  it  should  be  remarked  that  on  removing  the  eye- 
piece, events  may  be  observed  without  using  any  telescope. 
In  this,  its  simplest  form,  the  chronograph  may  also  be  dis- 
pensed with,  and  the  record  of  the  second  made  on  an  at- 
tached stop-watch  dial,  and  the  instrument  may  thus  carry 
its  own  complete  recording  apparatus  and  be  more  iiortablc 
than  an  ordinary  opera-glass. 

I  have  not  found  time  to  use  this  apparatus  on  tlie  moon 
or  occultations.  but  I  have,  what  is  possibly  more  to  the 
pur[)ose  now,  tried  it  on  an  artificial  star,  the  instant  of 
whose  Jip|>earance  and  disappearance  was  independently 
recorded  on  a  chronograph  by  an  electrical  contact.  Dif- 
ferent observers,  entirely  unskilled  and  ignorant  in  the  use  ol 
the  instrument,  were  invited  to  look  intt)  it  and  to  deter- 
mine the  quadrant  and  section  in  which  the  star  ap]>e«rcd 
and  disapfiearfd. 

I  have  momentarily  mislaid  my  notes  containing  in  full 
detail  the  results  of  four  observers,  hut  I  can  sumMiarize 
them  approximately  in  saying  that  after  being  simply  told 
what  to  note,  the  average  probable  error — (that  is,  for  any 
single  observation) — was  rather  less  than  one-twentieth  of  a 
second.  As  far  as  I  can  judge  from  the  limited  numlier  of 
instances,  the  younger  the  observer  the  better  the  observa- 
tion. The  worst  of  the  observers  (the  oldest),  howcver.had 
a  probable  error  considerably  less  than  one-tenth  of  a 
second;  the  youngest,  a  probable  error  of  something  like 
one-fortieth  of  a  second,  which  implies,  as  you  will  obser^-e. 
that  he  not  only  readily  noted  the  quadrant  and  thesultdi- 
visions  of  the  quadrant,  but  also,  as  a  rule,  even  the  part  of 
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subdivision  in  which  the  star  was  first  seen.    None  of  these 
observers  had  so  much  as  one  hour's  practice. 

The  plan  in  question  is  easily  adapted  to  meridian  obser- 
vations, but  for  these  we  have  numerous  plans  for  correct- 
ing personal  equation,  and  the  writer  may  also  direct 
attention  to  the  fact  of  the  existence  of  a  distinct  device 
(Am.  Journal  of  Science,  July,  1877)  which  practically  elimi- 
nates the  personal  error  in  the  very  act  of  a  transit 
observation.  It  is  more  elaborate  than  the  present  one, 
which  is  so  simple  that  it  may  be  useful  even  in  longitude 
work  with  the  transit,  though  its  proper  field  seems  to  be 
the  observation  of  sudden  events;  but,  to  whatever  purpose 
it  is  applied,  I  beg  leave  to  present  it  to  your  attention  less 
for  any  interest  that  attaches  to  the  particular  mechanism 
exhibited  than  as  an  illustration  of  a  principle  which  seems 
to  me  to  have  not  been  employed  before  in  this  way,  and 
which  I  trust  may  have  useful  applications. 


HEIGHTS  OF  METEORS. 

W.    F.    DENXIXG. 
For  The  Mkh»ek4;kr. 

Three  conspicuous  meteors  have  recently  been  observed 
in  this  country'  with  sufficient  fullness  and  accuracv  to  en- 
able  their  real  paths  to  be  determined  with  unusual  precis- 
ion. 

On  April  20, 1889,  lOA  IB/n  o.  m.  t.,  Professor  A.  S.  Herschel 
at  Croydon,  Surrey,  recorded  a  meteor  with  a  path  from  32° 
+  53^2°  to  42^  +  50'  in  Perseus.  At  the  same  time  Mr.  T. 
W.  Backhouse,  at  Darlington,  saw  a  meteor  as  bright  as  Sir- 
ius  passing  from  189V2^  —  7°  to  179°  — 14°.  A  comparison 
of  the  two  observed  paths  shows  the  radiant  point  to  have 
been  at  301° +  36°,  in  altitude  13°  above  the  N.  E.  horizon. 
The  meteor  passed  over  Derby  shire  at  heights  from  50 Vi  to 
45Vi  miles.  Its  visible  length  of  path  was  22  miles,  which  it 
traversed  in  one  second.  Parabolic  velocitv  would  be  about 
20  miles  per  second ;  the  accordance  in  the  two  values  leaves 
little  doubt  as  to  the  form  of  orbit  this  body  was  pursuing. 

On  April  21,  1889,  lOA  16/n  G.  m.  t.  Professor  Herschel 
noticed  another  conspicuous  meteor,  with  a  flight  extending 
from  112°+  27°  to  98° +  26°  in  Gemini.    The  same  object 


was  seen  at  Bristol  by  the  writer,  who  repstered  its  path  as 
from  163^3"  + 55"  to  119Vi°  +  61\i''  in  the  western  region  of 
Urea   Major.    This  meteor  belonged  to  a  radiant  at  218° 

—  5°,  in  altitude  25Va°  above  the  S,  E.  horizon.  When  first 
seen  the  body  was  72  miles  high,  and  it  was  but  slightly 
S.  W,  of  the  zenith  at  Bristol.  At  disappearance  the  height 
was  54  miles,  and  the  meteor  was  then  over  Crickhowell.  in 
Wales.  Its  real  length  of  path  was  42  miles,  which  it  trav- 
ersed in  I'/i  seconds,  so  that  its  speed  was  28  miles  per  sec- 
ond, which  is  slightly  greater  than  parabolic  velocity. 

On  May  22, 1889,  lOh  8/d  g.  m.  t.  a  fine  meteor  equal  to 
Jupit  was  recorded  by  Mr.  G.  T.  Davis  at  Reading.  It 
moved  with  remarkable  slowness  from  21()'  -i-31'  to  239" 

—  24  .  Duration  15  seconds.  It  left  a  yellowish  train  15' 
long.  The  same  object  was  observed  by  the  writer  at  Bris- 
tol, and  its  path  was  noted  from  287° -f  39^  to  254V/ 
— 15".  It  moved  very,  very  slowly,  theduration  being  esti- 
mated as  16  seconds.  A  thick  yellow  train,  7"  or  8°  long, 
followed  the  nucleus  as  it  leisurely  sailed  across  the  sky. 
Another  observer  at  Bristol  estimated  the  duration  as  18  or 
20  seconds.  Projecting  the  observations  it  is  found  the  ra- 
diant was  at  63"  +  35"  on  the  N.N.W.  horizon.  The  meteor 
appears  to  have  been  seen  earlier  in  its  flight  at  Bristol  than 
at  Reading,  but  at  the  latter  place  its  end-path  was  better 
observed.  At  first  appearance  its  height  was  50  miles  above 
a  point  six  miles  east  of  Oxford,  and  its  disappearance  oc- 
curred  at  a  height  of  58  miles  above  a  place  ten  miles  west  of 
Orleans  in  France.  The  real  length  of  its  course  was  292 
miles,  and  the  velocity  from  a  mean  of  the  observations  14-14 
miles  per  second.  This  is  less  than  a  parabolic  orbit  would 
give,  and,  if  correct,  the  meteor  must  have  been  traveling  in 
a  nearly  circular  orbit .  The  earlier  porrion  of  the  flight  was 
nearly  parallel  with  the  earth's  surface  at  a  height  of  about 
50  miles,  but  the  extraordinarily  long  course  it  pursued  aug- 
mented the  effects  of  theearth's  curvature  in  such  degree  that 
towards  the  end  of  its  course  the  body  was  ascending  in  the 
atmosphere  and  its  height  was  several  miles  greater  than  at 
the  period  of  its  first  appearance.  The  meteor  was  quite  an 
exceptional  one,  for  it  diverged  from  a  radiant  close  to  \ 
sun's  place,  and  traveled  with  extreme  slowness  througl 
great  range  of  path. 

Bristol,  England,  June  10.  1889. 
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THE  WATERS   UPON  THE  EARTH. 


B.  J.    BROOKINGS. 
For  Thb  Mbmbnobs. 

Among  the  many  discussions  relative  to  the  formation  of 
systems  and  worlds,  it  seems  to  me  few  have  touched  direct- 
ly upon  the  question  of  the  conditions  which  have  made  the 
two  elements  composing  water  such  a  factor  as  we  see 
them  in  our  solar  system,  and,  at  least,  esp>ecially  upon  our 
own  planet. 

As  to  our  earth,  may  we  inquire  how  came  they  here,  and 
what  part  did  they  take  in  its  early  formation,  and  how  did 
they  finally  become  so  important  and  permanent  a  portion  ? 

When  we  consider  that  three-fourths  of  the  visible  portion 
of  the  globe  consists  of  water,  and  that  the  remaining 
fourth  invariably  shows  the  effects  of  intense  heat,  we  can- 
not but  wonder  how  the  two  opposites  were  originally  con- 
ditioned, how  they  acted  and  reacted  toward  or  upon  each 
other,  and  how  and  when  the  former  became  the  more  im- 
posing mass  as  regards  the  earth's  surface. 

Without  going  into  the  depths  of  theory  regarding  the 
formation  of  systems  and  worlds,  it  would  appear  that,  in 
the  composition  of  such  matter,  the  elements  of  water  were 
a  portion,  and  that  in  its  concentration  and  rotary  motion, 
it  became  more  and  more  heated,  and  this  heat  was  intensi- 
fied finally  to  a  maximum  as  the  mass  attained  a  certain 
centralization.  What  would  result  ?  Evidently  the  elements 
composing  water  wijuld  be  vaporized  and  ascend  to  the  in- 
tensely rarified  atmosphere  in  part  produced  by  their  own 
conditions. 

Evidently  the  greatest  intensity  of  heat  showed  the  least 
amount  of  vapor  or  water,  because  these  had  ascended  to 
and  become  a  part  of  the  earth's  atmosphere,  surround- 
ing it  with  a  cloudy  envelope  which  extended  as  far  as  the 
extremely  heated  and  rarified  atmospheric  conditions  would 
allow. 

This  envelope  of  vapor  no  doubt  continued  in  vastness 
until  the  earth  began  to  cool,  when  gradually  it  descended 
as  rain,  a  portion  remaining,  as  conditions  allowed,  in  the 
nature  of  water,  until  finally  the  greater  portion  had  found 
its  place  upon  our  globe  as  we  now  see  it. 
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The  reasonableness  of  this  assumption  is  apparent,  as  we 
find  that,  naturally  or  chemically ,  this  action  is  always  pro- 
duced. Furthermore,  if  we  look  to  the  other  planets,  especi- 
ally exterior  to  Mars,  we  can  observe  precisely  such  condi- 
tions existing,  and  such  changes  taking  place, — i.  e.,  the 
masses  of  the  planets  concentrating  and  therefore  enveloped 
in  clouds  of  vapors  which  have  not  cooled  in  sufficient  quan- 
tities to  form  lakes  and  rivers  upon  their  surfaces;  in  fact 
seeming,  in  some  instances,  like  orbs  of  vaporous  matter. 

Sufficient  earth-heat  and  sun-heat  still  prevail  in  and 
around  our  planet  as  yet  to  prevent  the  entire  descent  and 
absorption  of  atmospheric  vapor;  but  supposing  that  the 
earth,  in  course  of  time,  has  entirely  cooled,  like  its  satellite, 
t^e  moon,  and  its  vapors  thereby  have  descended  and  become 
water,  and  these  waters,  by  intenser  cooling,  have  pene- 
trated our  globe's  exterior,  what  would  prevent  the  same 
lifeless  condition  which  we  now  see  upon  its  satellite? 

Has  not  this  physical  change  taken  place  there  ? 

Is  not  the  change  taking  place  here,  although  cycles  of  cen- 
turies may  pass  before  it  will  be  completely  effected  ? 

Washington,  D.  C. 


LIMIT  OF  VISION. 
H     p.    TUTTLE. 


For  The  Messenger. 

In  Vol.  XYIII.  of  the  Monthly  Notices  of  the  Royal  As- 
tronomical  Society  Mr.  Norman  R.  Pogson  has  given  a 
formula  for  computing  the  magnitudes  of  the  faintest  stars 
visible  in  an  achromatic  telescope  of  a  given  aperture,  and 
as  that  volume  may  not  be  within  reach  of  many  of  the 
readers  of  The  Sidereal  Messenger  I  herewith  transcribe 
Mr.  Pogson 's  remarks  and  append  a  table  which  I  have 
computed  from  his  formula.  The  table  will  be  found  to  in- 
clude about  all  the  objectives  now  in  use,  and  many  not  yet 
constructed.  The  magnitudes  are  given  to  the  nearest  tenth. 

Mr.  Pogson  says:  **  The  limit  of  vision  or  faintest  magni- 
tude on  the  scale  here  employed  which  is  discernible  in  a 
good  telescope  on  a  fine  moonless  night  may  be  found  by  the 
following  formula : 

Limit  of  vision  =  9.2  +  5  log.  aperture  in  inches." 


Limit  of  Vision. 
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Diameter  of 

Limit 

Lt.  Gathering 

Diameter  of     Limit 

Lt.  Gathering 

Otdective. 

of 

Surface. 

Objective. 

of 

Surface. 

Inches. 

MAg. 

D  inches. 

Inches.           Mag. 

^  inches. 

1.1 

9.4 

7.0 

13.4 

38.5 

1.2 

9.6 

7.1 

13.5 

1.3 

9.8 

7.2             ] 

13.5 

1.4 

9.9 

7.3             ] 

13.5 

1.5 

lO.l 

7.4            ] 

13.5 

1.6 

10.2 

7.5            1 

13.6 

1.7 

10.4 

7.6            1 

13  6 

1.8 

10.5 

7.7            1 

13.6 

1.9 

10.6 

7.8            1 

13.7 

2.0 

10.7 

3.1 

7.9            1 

13.7 

2.1 

10.8 

8.00          1 

13.7 

50.3 

2.2 

10.9 

8.25          1 

13.8 

2.3 

11.0 

8.50          ] 

L3.8 

2.4 

11.1 

8.75          1 

13.8 

2.5 

11.2 

9.00          1 

L3.9 

63.6 

2.6 

11.3 

9.25          ] 

14.0 

2.7 

11.4 

9.50           1 

14.1 

2.8 

11.4 

9.75          1 

14.1 

2.9 

11.5 

10.00          ) 

L4.2 

78.5 

3.0 

11.6 

7.1 

10.25          ] 

14.3 

3.1 

11.7 

10.50          1 

14.3 

3.2 

11.7 

10.75          1 

14.4 

3.3 

11.8 

11.00          1 

L4.4 

95.0 

3.4 

11.9 

11.25          1 

L4.5 

3.5 

11.9 

11.50          ) 

L4.5 

3.6 

12.0 

11.75      •    ] 

L4.6 

3.7 

12.0 

12.00          ^ 

L4.6 

113.1 

3.8 

12.1 

12.25          : 

L4.6 

3.9 

12.2 

12.50          ] 

L4.7 

4.0 

12.2 

12.6 

12.75          1 

14.7 

4.1 

12.3 

13.00          1 

L4.8 

132.7 

4.2 

12.3 

13.25          1 

L4.8 

4.3 

12.4 

13.50          1 

14.9 

4.4 

12.4 

13.75          1 

L4.9 

4.5 

12.5 

14.00          1 

L4.9 

153.9 

4.6 

12.5 

14.25          1 

15,0 

4.7 

12.6 

14.50          1 

15.0 

4.8 

12.6 

14.75          1 

15.0 

4.9 

12.7 

15.(H)          1 

15.1 

176.6 

5.0 

12.7 

19.7 

15.50          1 

15.2 

5.1 

12.7 

16.00          1 

LS.2 

201.0 

5.2 

12.8 

16.50          1 

15.3 

5.3 

12.8 

1700          1 

15.3 

226.9 

5.4 

12.9 

17.50          1 

15.4 

5.5 

12.9 

18.00          ) 

L5.5 

254.3 

5.6 

12.9 

18.50          1 

15.5 

5.7 

13.0 

19.00          1 

L5.6 

282.4 

5.8 

13.0 

19.50          1 

15.7 

5.9 

13.1 

20.00          1 

L5.7 

314.0 

6.0 

13.1 

28.3 

21 .00          1 

15.8 

346.2 

6.1 

13.1 

22.00          ] 

15.9 

379.9 

6.2 

13.2 

23.00          1 

16.0 

415.3 

6.3 

13.2 

24.00          1 

16.1 

452.2 

6.4 

13.2 

25.00          1 

16.2 

490.6 

6.5 

13.3 

26.00          ] 

16.3 

530.7 

6.6 

13.3 

27.00          ] 

L6.4 

572.3 

6.7 

13.3 

28.00          1 

16.4 

615.4 

6.8 

13.4 

29.00          ] 

L6.5 

660.2 

6.9 

13.4 

30.00          ] 

L6.6 

706.9 
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W.™.tn  at 

Limit 

Lt.  Gathering 

niaiiictcr  of 

U«» 

OttJecUve. 

8urfa«. 

01««tl*e. 

of 

Inelus. 

In«h«. 

MSB. 

31.00 

16.7 

754.8 

44,00 

17.4 

1520,8 

32.00 

16.7 

S04.J 

45,00 

17.5 

1590.4 

33.00 

16.8 

SG5.3 

46,00 

17.6 

1661,9 

34,00 

16.9 

907.9 

47.00 

17.6 

1734,9 

35.0(1 

16.9 

962.1 

4fl,00 

17.6 

IJtOy.r. 

36.00 

17.0 

1017.9 

41).00 

17.7 

18H3.7 

37.00 

17.0 

1075.2 

50.00 

17.7 

IH63.5 

38.00 

17.1 

1134.1 

60.00 

18.1 

2827.4 

39.01) 

17.2 

1194.0 

70,00 

1H,4 

3S48.S 

40,00 

I7.a 

1266.6 

80,00 

1S.7 

S036.8 

♦1.00 

17.3 

1320.2 

ftO,00 

19.0 

6361.7 

43.00 

17,3 

13S5.4 

100.00 

19.2 

7854.0 

43.00  17,4  1432.2 

If  we  concede  the  above  formula  tn  be  approximately  cor- 
rect for  small  lenses  it  will  certainly  not  be  so  for  very  large 
ones,  owing  tn  the  great  amount  of  light  lost  by  the  in- 
creased thickness  of  the  objectives. 

WASHi.xGTOS.June.  1889. 


THE  BRUCE  PHOTOGRAPHIC  TELESCOPE. 


EDWARtl   C,    PICKGRING. 


I 


The  astronomical  Observatory  of  Harvard  College  has  re- 
ceived from  Miss  C,  W.  Bruce,  of  New  York,  a  gift  of  $50,- 
000,  to  be  applied  "to  the  construction  of  a  photographic 
telescope  having  an  objective  of  about  twenty-four  iochcs 
aperture  with  a  focal  length  of  about  eleven  feet,  and  of  the 
character  described  by  the  Director  of  the  Observatory  in  his 
Circular  of  November  last;  also  to  secure  its  use  under  fa- 
vorable climatic  conditions  in  such  a  way  as  in  his  judgment 
will  best  advance  astronomical  science." 

This  instrument  will  differ  from  other  large  telescopes  in 
the  construction  of  its  object-glass,  which  will  be  a  com- 
pound lens  of  the  form  used  by  photographers  and  known 
as  the  portrait  lens.  The  focal  length  of  such  a  lens  is  very 
small  compared  with  its  diameter,  and  much  fainter  stan 
can  be  photographed  in  consequence.  The  advantage  is 
even  greater  in  photographing  nebultt  or  other  faint  sor- 
faces.  Moreover  this  form  of  lens  will  enable  each  photo- 
graphic plate  to  cover  an  area  several  times  as  great  as  that 
which  is  covered  by  an  instrument  of  the  usual  form.  The 
lime  required  to  photograph  the  entire  sky  is  reduced  in  the 
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same  proportion.  A  telescope  of  the  proposed  form,  having 
an  apertnre  of  eight  inches,  has  been  in  constant  use  in 
Cambridge  for  the  last  four  years,  and  is  now  in  Peru  pho- 
tographing the  southern  stars.  It  has  proved  useful  for  a 
great  variety  of  researches.  Stars  have  been  photographed 
with  it  too  faint  to  be  visible  in  the  fifteen-inch  refractor  of 
the  Observatory.  Its  short  focal  length^enables  it  to  pho- 
tograph as  faint  stars  as  any  which  can  be  taken  with  an  ex- 
cellent photographic  telescope  having  an  aperture  of  thirteen 
inches.  The  eight-inch  telescope  will  photograph  stars 
about  two  magnitudes  fainter  than  can  be  taken  with  a 
similar  instrument  having  an  aperture  of  four  inches.  A 
corresponding  advantage  is  anticipated  from  the  increase  of 
the  aperture  to  twenty-four  inches.  Each  photograph  will 
be  thirteen  inches  on  a  side,  and  will  cover  a  portion  of  the 
sky  five  degrees  square,  on  a  scale  of  one  minute  to  a  milli- 
metre. The  dimensions  will  be  the  same  as  those  of  the 
standard  charts  of  Chacomac  and  Peters.  The  entire  sky 
would  be  depicted  upon  about  two  thousand  such  charts. 

It  is  very  important  that  the  best  possible  location  should 
be  found  for  such  an  instrument.  In  Europe  and  in  the  east- 
em  portions  of  the  United  States,  where  nine-tenths  of  the 
principal  observatories  of  the  world  are  situated,  it  is 
cloudy  for  a  large  portion  of  the  year.  Great  advantages 
are  expected  from  a  location  where  clouds  and  haze  are 
seldom  seen. 

This  generous  gift  offers  an  opportunity  for  useful  work 
such  as  seldom  occurs.  It  is  expected  that  the  Bruce  Pho- 
tographic Telescope  will  exert  an  important  influence  upon 
astronomical  science  by  the  large  amount  of  material  that 
it  will  famish. 

Cambridge,  U.  S.,  June  26, 1889. 


ON  THE  INCLINATION  OF  THE  ASTEROIDS.* 


PROFESSOR   DANIEL    KIRKWOOD. 


The  forty-ninth  page  of  my  little  volume  on  the  Asteroids 
contains  a  brief  statement  respecting  the  orbital  positions 


*  Read  before  the  American  Philosophical  Society,  May  17,  1889. 
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of  these  bodies,  and  the  supposed  connection  between  great 
eccentricity  and  high  inclination.  If  the  phenomena  referred 
to  have  any  l>earing  on  the  theory  of  asteroid  formation — in 
other  words,  if  facts  hitherto  regarded  as  isolated  prove 
mutually  dependent — may  not  their  discussion  point  oat 
n?w  and  unexpected  relations?  A  more  exact  examination, 
at  least,  of  thefte  planetary  statistics  will  not  be  without 
interest. 

The  first  column  of  the  following  table  gives  the  asteroids 
in  groups  of  ten,  in  the  order  of  distances:  the  second,  the 
limits  of  the  respective  groups;  and  the  third,  the  average 
inclination  of  the  several  clusters, 

INCLINATIONS  OF  THE   UINOR   PLANETS. 
Gmutia.  Ulttsnves.  Av.  Inrlina 


2.3H 
2.*0 
2.13 
2A5 
2.56 
2.5S 
3.616 
2.6+7 
2,667 


2.40 
2.43 
2,45 
2.56 
2.5H 
2,6l( 


201    —    210 


2.647 

2.667 

2.685 

2.712 
2.712  —  2.737 
2.737  —  2.745 
2.745  —  2.762 
2.762  —  2,771 
2.771  —  2.799 
2.799  —  2.970 
2.870  —  2.921 
2.921  —  3.012 
3.012  —  3.06 
3.06  —  3.11 
3.11  —  3,12(i 
3,126  -  3,14 
3.14  —  3,185 
3.185  —  3.42 
271     —    280  3.42      —    4,24 

1.  The  average  inclination  of  the  first  hun- 

dred (in  the  order  of  distance)  is 8*     8' 42.6ft' 

Of  the  second  hundred 8    58   38.87 

Of  the  last  eighty 7    51    20.1iV 

And  that  of  the  whole  two  hundred 

and  eighty 8    21    34.87'     - 

2.  The  inclinations  in  the  edges  of  the  ring  are  less  Uwl^ 
the  average. 
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3.  Other  minima  are  found  about  the  distances  2.44  and 
3.09.  The  maximum  between  2.36  and  2.40  is  distinctly 
marked. 

4.  As  in  the  case  of  other  planets,  the  inclinations  vary, 
though  with  extreme  slowness.  It  has  not  been  shown, 
however,  that  the  average  will  change  to  any  great  extent. 

5.  This  average  compares  thus  with  certain  other  incli- 
nations : 

Mercury's  orbit 7°    00' 

Plane  of  the  Sun's  equator 7      15 

Average  inclination  of  asteroidal  comets 16      40 

6.  The  maximum  inclinations  of  Mercury  and  Mars  are 
10°  36'  and  7°  28'*  respectively.  The  table  indicates  that 
tbe  mean  inclination  of  the  asteroids  has  not  differed  greatly 
from  the  mean  inclination  of  Mercury. 


VELOCITY  OF  SOUND— THE  V\^HOLE  GIST  OF  THE  MATTER. 


SMITH  GOOODBNOW.  A.   M. 
For  Th«  Mbmbnoh. 

1.     THE  FACTS  AGREED  UPON. 

In  a  long  open  tube  a  frictionless  piston  moves  distance  u 
in  a  second ;  the  air  before  it  is  pushed  and  compressed  as  far 
as  some  point  z  at  the  end  of  the  second ;  and  what  was  air 
V  now  occupies  V —  u  space. 

The  nqrmal  pressure  of  the  air  at  first,  and  so  remaining 
at  and  beyond  z,  is  P;  its  pressure  from  z  back  to  the  piston 
has  increased  to  P';  so  that  the  increase  of  the  pressure  in 
air  F  is  P'—P. 

Now  if  V=  lOOOu,  so  that  the  u  reduction  (of  space  V  to 
V — o)  is  a  reduction  of  .001th  part  in  the  volume  of  air  F, 
then  the  increase  of  pressure  {P^—P)  is  .OOIP,  or  about 
.001th  part  of  the  normal  pressure  (sa3ring  nothing  about 
heat).  And  this  increase  of  pressure  (.OOIP)  within  the  air- 
wave or  pulse,  must  have  required  that  much  pressure  ap- 
plied to  the  piston  to  make,  to  meet,  and  to  overcome  it. 

Thii  extra  pressure  has  been  accompanied  by  a  certain 
amount  of  work  done  or  motion  of  air  against  resistance,  as 
follows:  air  u  has  been  removed  from  space  a,  and  all  air  F 
has  been  moved  along  to  correspond;  which,  if  the  air  be 

•  Stockwdl't  Mem.  on  the  Sec.  Var.  of  the  El.  of  the  Eight  Princ.  Planets, 
anhh  Contrib.  to  Knowl.,  232,  p.  116. 


tstten  AS  if  solid  and  unresisted,  makes  in  all  a  motion  of 

V  through  a  distance  a  (equivalent  to  a  motion   of  air  a 
through  a  distance  V). 

But,  more  exactly,  since  the  air  is  not  solid,  but  yield* 
with  resistance,  air  u  is  moved  an  average  of  ~  distance  (ia 
leaving  space  u),  and  the  whole  air  V  is  moved  the  same 
average  of  ^  distance  (varying  from  distance  u  for  the  part- 
icle next  the  piston  down  to  distance  o  for  the  particle  at  z. 
But  by  either  reckoning  the  whole  work  of  making  the  air- 
wave to  z  is  ^  times  as  much  or  lOOO-fold  greater  than  is 
the  piston  work  of  simply  removing  the  air  from  space  ti. 

This  lOOO-fold  greater  work  spent  in  carrying  air  V 
through  distance  u  (or  ^)  is  equivalent  to  carrj'ing  the  air 
a  (or  ^}  through  the  whole  distance  V,  or  diffusing  throiigli 

V  the  resistance  P.  which  would  be  met  in  shoving  air  u 
into  the  next  space  ij(with  the  air  there);  by  which  diffusion 
the  resistance  against  the  piston  is  reduced  from  thflt  P 
down  to  the  .001  P  of  the  whole  air-wave.  ^^ 


2.      THE    POINT  OF  THE  CONTROVERSV, 

Now.  the  question  is,  what  force  produces  this  whole  vrork 
or  motion  of  the  air-wave  ? 

The  pulse*heat  theorj'  of  sound  answers,  that  thv  wholt 
air-wave  work,  viz.,  air  V  carried  distance  u  (or  air  u  cairied 
distance  V),  is  produced  without  aid  by  the  extra  pressure 
P'— P  or  .001  P,  put  upon  the  piston  by  the  air-wave,  andtrf 
course  exerted  by  or  through  the  piston  in  securing  it ;  be- 
cause the  whole  «  X  V  motion  is  known  to  result  /rom  tb* 
piston  pressure,  and  would  be  produced  by  it  if  witUonl 
resistance  in  a  vacuum  (as  seen  in  the  fall  of  a  body,  by  pfC 
portion  "A.") 

On  the  contrary,  I  answer  (with  Newton),  that  theptBtOH* 
pressure  (P'  — P  or  .001  P)  produces  by  its  motion  fl^UT^ 
resistance  only  the  work  of  moving  air  i;  from  space  f' 
while  another  force  1,000  times  greater,  viz.,  the  elajt'^ 
force  of  the  air,  or  P,,  diffuses  the  resistance  through  the  O''" 
wave,  and  so  lengthens  the  motion  all  the  way  through  V 


"  It  tAkesns  miith  piston  furct  (.001  P)  to  meet  the  resist  nnce 
n  simply  moving  u,  as  would  without  rcsistancr  move  ilic 
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3.     MY  PROOF  IN  A  NUTSHELL. 

The  .001  P  pressure  of  the  piston  has  only  to  overcome 
the  .001 P  resistance  met  by  the  piston  in  making  its  motion 
II  ;*  but  meanwhile,  a  like  .001  P  resistance  has  to  be  met  by 
each  ti-length  of  air  in  making  its  motion  u;  and^s  there  are 
1,000  of  these  u-lengths  of  air  moved  in  the  whole  F,  it 
takes  1,000  times  .001  P,  viz.,  the  force  P  (or  whole  elastic 
force  of  the  air),  to  lengthen  the  piston-motion  (u  distance) 
into  the  air-motion  ( V  distance) .  Therefore,  the  whole  air- 
wave motion  V  is  made  by  the  air's  whole  elastic  force  P, 
which  is  only  incited  thereto  by  the  initial  or  unit  motion  u 
of  the  piston  force  .001  P. 

Consequently,  the  piston  motion  u  may  be  more  or  less 
than  .001th  part  of  F,  without  changing  the  air-wave 
distance  F,  or  velocity  of  sound;  which  is  just  what  the 
facts  require.  And  moreover,  if  anything  increases  the  pres- 
sure within  the  air-wave,  (say  extra  heat,  as  alleged),  this 
will  equally  enlarge  the  resistance  at  each  step,  to  the 
decrease  of  the  wave  motion,  (rather  than  its  increase,  as 
alleged  bj'  the  pulse-heat  theory).  And  still  further,  the 
absurd  result  of  the  pulse-heat  theory  is  escaped,  which 
requires  a  tiny  locust  by  its  own  unaided  strength  to  shake 
the  whole  atmosphere  for  a  mile  in  every  direction,  say  500 
times  forward  and  backward  everv  second. 

THE  RESULT. 

When  the  sound-propagating  force  is  treated  as  l)eing  only 
the  elastic  variation  P' — P,or  .001  P,  then  its  increase  .00041 
by  heat  engendered  (as  alleged),  makes  the  force  1.41 
greater  than  before;  and  this  being  regarded  as  enlarging 
in  equal  proportion  both  u  and  F  (so  as  to  keep  their  ratio 
1,000),  will  give  an  increase  of  \  1.41  =  1.19  to  F,  the 
velocity  of  sound,  raising  it  from  the  Newtonian  916  to 
1,090  feet  per  second,  as  required.  This  then  is  the  pulse- 
heat  theory,  for  rectifying  the  Newtonian  value,  by  alleged 
•  heat  engendered. 

On  the  contrary,  when  the  soimd  propagating  force  is 
taken  as  elastic  pressure  P  (or  at  most  P')»  instead  of  its 
variation  P'—P,  then  the  alleged  heat  effect  .00041  P,said  to 


•  The  motion  beinji^  uniform,  is  not  produced  by  the  pressure  at  all,  but 
bj  a  sHi^ht  stroke  in  startin);^  the  pressure. 
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enlarge  P'— P  to  ,00141  P.  makes  the  force  but  1.000+1 
larger  than  P,  (or  P'  =  1.00141  P) ;  and  the  slight  increase 
of  elastic  or  sound-propagating  force  cannot  give  over 
V1.00141=  1.000705  increased  to  the  916  feet  velocity  ol 
sound  V,  viz,  0  .907  feet,  or  nine-tenths  of  a  foot,  instead  of 
the  174  feet  claimed,  This  my  view  leaves  alleged  heat  as 
entirely  inadequate  to  rectify  the  Newtonian  value,  making 
necessarj-  some  other  rectification ;  and  that  is  what  I  hare 
undertaken  to  give. 


THE  STUDY  OF  ASTRONOMY. 


i 


We  often  receive  letters  from  persons  asking.for  substance, 
what  books  they  should  read  to  gain  a  knowledge  of  itsulti 
reached  in  the  recent  progress  of  astronomy,  Most  of  those 
who  thus  inquire  are  persons  unknown  to  us;  yet, doubtIe«, 
they  have  an  earnest  desire  to  do  something  for  therasclvw, 
and  they  want  to  know  how  to  go  about  it.  They  seem  to 
have  the  spirit  of  self-reliance  and  self-help,  and  they  an 
anxious  to  put  these  excellent  qualities  of  mental  furnishing 
to  the  task  of  gaining  useful  scientific  knowledge.  \Vc  ought 
to  expect  that  the  queries  of  the  inexperienced  \vill  often 
come  in  crude  form,  and  sometimes  be  very  large  and  indefi- 
nite, and  take  them  for  what  they  mean,  and  answer  accord- 
ingly; and  so  attempt  wisely  to  direct  the  energy  of  mind 
seeking  worthy  employment.  In  view  of  such  facts  as  these, 
it  has  seemed  to  us  that  it  might  be  worth  the  while  to 
name  a  few  precepts  to  guide  in  the  study  of  astronomy, 
and  then  to  mention  some  books  which  will  be  needed  in 
making  advancement  in  astronomical  studies.  As  a  precept 
of  great  importance  we  would  say, — 

1.  Know  thoroughly  and  familiarly  whatever  ought  to  be 
mastered.  Knowledge  has  its  degrees.  As  another  has  wrfl 
said,  "  It  is  of  all  grades  from  the  first  dim  and  vague  appre- 
hensions of  a  fact  or  truth  to  the  full  and  familiar  and  fclt 
understanding  of  such  fact  or  truth,  in  all  its  causes  and 
connections,  its  philosophy  and  its  power  and  beauty.  We 
may  know  it  so  as  to  recognize  it  when  another  tells  it;  -wt 
may  know  it  so  as  to  recall  it  in  fact  and  reflect  upon  it ;  wc 
may  know  it  so  as  to  tell  it  in  a  general  way  to  a  friend ;  or, 
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we  may  know  it  so  as  fully  to  describe,  demonstrate  and  il- 
lustrate it  as  a  truth  whose  importance  we  feel,  and  whose 
grandeur  or  beauty  inspires  us."  It  is  this  last  form  of 
knowledge  that  the  student  of  astronomy  should  covet  ear- 
nestly. The  reason  is  evident.  It  is  impossible  to  use  read- 
ily and  well  anything  which  is  not  thoroughly  and  familiar- 
ly our  own.  Truth  is  never  revealed  in  its  beauty  or  power 
to  one  who  only  partially  knows  it.  Slight  knowledge  does 
not  enlist  the  feelings,  neither  does  it  move  the  heart  with 
ardent  zeal.  It  was  an  earnest  love  of  truth,  grandly  and 
vividly  conceived,  that  caused  Kepler  to  grow  wild  with  de- 
light in  the  glories  of  the  stars ;  'or  the  great  Newton  to  say 
that  he  was  but  a  child,  picking  up  pebbles  on  the  beach, 
with  the  great  ocean  of  truth  before  him  yet  unexplored. 

Thorough  study  only  brings  fresh  conceptions  of  the 
truths  sought;  it  only  furnishes  best  modes  of  expression  for 
idea  or  fact,  and  it  only  begets  consciousness  of  strength  in 
timely  need. 

2.  Solid  attention  and  a  habit  of  study.  It  is  not  an  easy 
thing  for  those  who  have  the  habit  of  study  to  hold  the  at- 
tention well  at  all  times.  The  varying  circumstances  and 
moods  of  the  student  often  exercise  large  control  and  weak- 
en the  power  of  mental  effort.  Attention  is  usually  either 
compelled  or  attracted.  The  former  is  an  act  of  the  will, 
the  latter  is  the  result  of  a  gratified  sensibility ;  the  former 
acts  listlessly  or  unwillingly,  the  latter  is  eager  in  opportu- 
nity and  scarcely  knows  fatigue.  Attention  also  has  its  de- 
grees. Some  writers  specify  three:  (1)  physical  attention, 
or  that  which  employs  eye  and  ear  while  the  mind  is  inert 
and  moves  only  as  it  is  moved ;  (2)  intellectual  attention,  or 
that  mental  state  just  enough  active  to  follow  and  under- 
stand what  is  uttered,  and  (3)  that  higher  form  of  attention 
in  which  the  intellect  and  heart  are  enlisted,  and  all  the 
powers  of  the  soul  are  alert  for  conquest  and  victory.  This 
latter  kind  is  the  attention  the  student  should  cultivate  for 
rapid  advancement  in  any  department  of  study.  It  is  true 
that  the  mind  will  be  unable  to  work  long,  at  first,  under 
such  tension  of  its  powers,  but  enduring  vigor  will  surely 
come  with  wise  and  habitual  use  in  this  way,  and  in  this 
inray  only  as  a  rule.  It  is  not  **how  much,  but  how  weir*; 
it  18  not  the  number  of  hours  a  man  studies  that  is  to  meas- 


312  The  SidereaJ  Messenger. 

ure"  progress  or  true  acquirement,  but  rather  the  way  he 
works — the  kind  of  attention  he  gives — that  counts  most  in 
lasting  results.  Such  attention  in  work  or  habitual  studv 
will  surely  bring  a  student  to  place  and  power  rapidly. 

3.  A  faithful  application  of  principles  and  methods  to  ob- 
tain definite  resalts.  It  is  one  thing  to  see  and  know,  in  a 
general  way,  how  a  given  result  is  obtained,  but  it  is  quite 
another  thing  to  do  the  work  indicated  to  obtain  the  result. 
The  student  of  astronomy  may  well  heed  the  maxim,  "Be 
not  of  those  who  say  and  do  not."  but  rather  be  of  those 
who  do  that  they  may  know  whereof  they  speak.  Tiaw 
si>(:nt  in  the  study  of  a  numerical  example  intended  to  illm- 
trate  a  principle  or  a  method,  is  the  best  possible  use  of  it, 
not  only  to  familiarize  the  case  in  hand,  but  also  to  bring 
out  the  laws  of  sequence  which  show  the  relation  of  a  par- 
ticular truth  or  principle  to  the  whole  body  of  the  science  of 
which  it  is  a  part.  A  noticeable  defect  in  the  scholarship  of 
scientists  too  generally  is.  that  they  have  failed  to  relate 
truth  in  science  logically  and  effectively.  Scientists  are  read- 
era,  but  they  are  not  always  severe  and  logical  thinkers. 
This  is  not  certainly  the  fault  of  astronomy  as  a  science,  for 
what  else  it  may  not  be,  it  is  emphatically  a  science  built  by 
rigorous  logic  and  exactitude  elsewhere  unparalleled.  As  « 
branch  of  study,  astronomy  therefore  is  one  of  the  best  that 
could  be  chosen  for  training  the  imagination  and  the  reason- 
ing  powers. 

With  precepts  like  these  in  mind,  we  next  inquire  what 
books  we  shall  read  in  beginning  the  study  of  astrotioniy. 
We  maysuppose  the  student  has  someknowledge  of  element- 
ary astronomy,  such  as  is  found  in  text-books  commonly 
used  in  the  public  schools,  and  that  he  has  prepared  some- 
what thoroughly  the  branches  of  algebra,  geometry,  trig- 
onometry and  physics.  He  is  then  prepared  to  begin  the 
study  of  astronomy  in  earnest,  and  the  first  book  suggested 
is  Young's  General  Astronomy.  This  is  a  book  that  should 
be  mastered  because  of  what  it  contains  and  the  spirit  m 
which  it  is  written.  In  our  judgment,  its  author  has 
grouped  the  salient  points  of  this  science  in  this  work  morr 
fiilly,  faithfully  and  naturally  than  can  be  found  elsewherr  in 
any  single  book.  Not  only  so,  but  the  spirit  of  the  tent  is 
admirable.    These  features  are  peculiarly  strong  and  all  iiu- 
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portant.  It  is  of  great  moment  that  a  student  entertain 
right  notions  of  astronomical  truth  in  the  outset  in  order  to 
understand  and  apply  its  principles.  He  must  depend  large- 
ly on  the  mere  statements  of  fact  by  others  for  forming  his 
opinions  of  the  truth  in  anv  given  line  of  inquiry,  and  so  de- 
termine for  himself  what  is  known,  and  distinguish  sharply 
and  continually  from  what  is  merely  supposed.  The  person 
that  loves  science  will  always  hold  the  truth  in  high  esteem, 
and  give  it  place  in  earnest  thought ;  and  if  he  be  misled  into 
cherishing  that  which  is  false,  by  errors  in  essential  facts, 
harm  is  done  and  the  best  mental  stimulus  for  work  is  lost. 
For  such  reasons  as  these  there  are  comparatively  few  books 
that  will  pay  the  student  to  read  with  avidity  and  soul  in- 
sight,— to  mentally  devour  them  in  hard  work, — because 
they  are  not  worth  it;  but  when  such  a  book  is  found  it  is 
worth  something  to  know  it  beforehand,  and  give  it  proper 
place  in  the  plan  of  study  contemplated. 

How  this  valuable  book  may  be  studied  to  best  advan- 
tage, and  what  should  follow  it,  we  will  consider  somewhat 
at  length  in  following  numbers  of  this  journal. 


TO    HE   CO.NTINrBI). 


CURRENT  INTERESTING  CELESTIAL  PHENOMENA. 

THE  PLANETS. 


The  planet  tables  are  given  for  two  months,  because  The 
Messenger  will  not  be  published  for  the  month  of  Septem- 
ber. 

Mercury  was  at  greatest  brilliancy  July  30 ;  will  be  in  su- 
perior conjunction  with  the  sun  August  7 ;  in  greatest  helio- 
centric latitude  north  same  day ;  in  conjunction  with  Saturn 
August  10,  the  planet  l)eing  38'  north  of  Saturn  at  21  h;  in 
conjunction  with  the  moon  August  17 ;  in  descending  node 
August  30;  at  aphelion  of  its  orbit  Sept.  10;  in  greatest 
elongation  east  September  20,  6A,  being  at  that  time  26° 
ly  from  the  sun,  and  in  south  declination  about  11°30',  so 
that  its  position  is  not  quite  as  favorable  for  observation  as 
it  might  otherwise  be. 

Venus  is  a  morning  star,  and  will  be  in  conjunction  with 
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the  moon  August  22;  passes  to  the  ascending  node  Sept.  12, 
is  again  in  conjunction  with  the  moon  Sept,  21,  and  in  eon- 
junction  with  Saturn  Sept.  25.  the  former  being  34'  soatfa  of 
the  latter;  and  five  days  later,  Sept.  30,  it  will  be  in  conjunc- 
tion with  Mars,  being  only  22'  south. 

Mars  is  also  a  morning  star  in  northeastern  Cancer.  Dur- 
ing August  the  planet  will  move  southwesterly  through 
Cancer,  and  Sept.  5  enter  Leo,  and  Sept.  17  the  planet  will 
be  very  near  Regulus.  August  24  Mars  will  be  in  conjunc- 
tion with  the  moon.  1°  28'  south;  in  conjunction  with  the 
planet  Saturn  Sept.  19  14A  52m  Washington  mean  time,  the 
distance  between  the  planets  at  that  time  being  only  one 
minute  of  arc.  In  civil  time  this  date  would  be  Sept.  20  4/r 
52  m  A.M.,  or  about  4  o'clock  in  central  time.  This  interest- 
ing phenomenon  should  be  observed  if  possible.  Those  who 
have  good  eyes  may  try  to  separate  the  two  planets  when 
nearest  without  telescopic  aid ;  and  it  will  be  interesting  to 
those  who  have  telescopes  to  measure  their  least  distance 
and  report  the  results  obtained.  Physicists  say  that  when 
two  bright  objects  are  nearer  than  1'  12"  few  eyes  can  dis- 
tinguish them  as  two  objects.  This  phenomenon  will  take 
place  two  hours  before  sunrise  and  about  one  hour  after  the 
planets  rise. 

Jupiter  is  in  the  constellation  of  Sagittarius  approaching 
the  small  stars  a  few  degrees  southwest  of  the  star  j«;  his 
motion  is  towards  the  southwest  until  Aug.  24  when  the 
planet  is  stationary.  Quadrature  with  the  sun  will  be 
reached  Sept.  21,  and  conjunction  with  the  moon  for  the 
third  time  in  two  months  on  Sept.  30.  The  last  distance  is 
the  least,  being  only  39'  south. 

Interesting  studies  of  the  planet  Jupiter  have  come  to  oar 
notice  recently  in  the  form  of  observations  and  drawings  of 
the  planet  made  at  Birr  Castle  Observatory.  Parsonstown, 
Ireland,  by  Otto  Boeddicker.  Ph.  D.,  covering  a  period 
from  Sept.  2.  1881  to  March  13,  1886. 

These  studies  were  made  by  the  aid  of  a  reflecting  tele- 
scope of  three  feet  aperture,  and  they  consist  of  notes  of 
observations  and  some  eighty  drawings  of  the  surface 
markings  of  Jupiter  which  were  made  with  pencil  not  more 
than  ten  minutes  being  devoted  to  each  of  them.  In  the 
publication  before  us  the  drawings  arc  reproduced  by  a 
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photo-mechanical  process,  in  order  to  avoid  the  inaccuracies 
frequently  caused  by  a  transferring  lithographer,  and  so 
probably  well  represent  the  original  work. 

We  also  notice  that  work  of  interest  has  been  accom- 
plished  on  the  belts  and  markings  of  Jupiter,  as  appears  in 
a  Memoir  to  the  Royal  Astronomical  Society  found  in  Vol. 
xlix,  1889,  notice  of  which  appears  in  the  July  Observatory. 
The  instruments  used  by  Mr.  Green  were  refractors  of  4  and 
5  inches  aperture,  and  reflectors  of  9, 13  and  18  inches,  with 
observations  from  1859  to  1887.  "  From  1860  to  1868  the 
equator  was  white  with  dark  bands  north  and  south  of  it, 
in  1869  it  changed  to  a  copper  hue,  and  the  bands  moved 
towards  the  poles;  from  1873  to  1879  the  equator  was 
white  again,  and  the  dark  bands  approached  it,  while  after 
1879  and  the  appearance  of  the  great  red  spot  the  changes 
have  been  many  and  rapid."  The  prevailing  features  noticed 
in  the  brief  account  referred  to,  are  the  light  and  dark 
markings,  their  relative  heights  in  the  atmosphere  of  the 
planet,  the  probable  meaning  of  the  great  red  spot,  the  ac- 
tivity of  the  equatorial  regions  and  the  quiescence  of  the 
polar,  and  the  effect  of  extensive  trade  winds  and  solar 
heat.  .  The  21  drawings  accompan3ring  the  memoir  are  said 
to  be  beautiful,  showing  an  immense  amount  of  detail  and 
delicate  gradations  of  color.  * 

Saturn  will  be  near  the  sun  during  August,  but  in  Septem- 
ber it  will  be  a  morning  star.  The  phenomena  of  most  in- 
terest have  already  been  noticed  in  connection  with  other 
.planets. 

Uranus,  August  5  will  be  in  the  constellation  of  Virgo,  2° 
east  and  nearly  2^  south  of  the  star  ff.  During  the  months 
of  August  and  September  the  apparent  motion  of  the  planet 
will  be  one  degree  south  and  about  2V^°  east.  It  will  be  in 
conjunction  with  the  moon  Aug.  29,  and  again  Sept.  25. 

Neptune  is  an  evening  star,  in  the  constellation  of  Taurus 
a  little  north  of  the  Hyades  August  5.  This  planet  will  be 
in  conjunction  with  the  moon  Aug.  18;  in  quadrature  with 
the  sun  Aug.  27;  stationary  Sept.  6,  and  again  in  conjunc- 
tion with  the  moon  Sept.  14. 
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MERCURY. 

R.  A.  Decl.  Rises, 

h     m  °    '  h      m 

Aug.     5 8  56.2  -f  19  02  4  35  a.m. 

15 10  15.0  +12  35  5  43    " 

25 11  20  2  +  5  05  6  40    " 

Sept.    5 12  20.2  —  2  56  7  28    " 

15 13  06.2  —  9  16  8  00    " 

25 13  41.2  —13  57  8  14    " 

Oct.      5 13  52.5  —15  17  7  52    " 


VENUS. 

Aug.     5 5  58.1  +21  05  1  28  a.m. 

15 6  45.9  +21  15  1  35    '* 

25 7  33.5  +20  33  1  47 

Sept.    5 8  27.0  +18  42  2  06 

15 9  15.2  +16  06  2  27    " 

25 10  02.4  +12  44  2  49    " 

Oct.      5 10  48.9  +8  44  3  13 


t( 


MARS. 

Aug.     5 8  05.9  +21  21  3  34  a.m 

15 8  32.8  +19  56  3  28    " 

25 8  59.0  +18  19  3  23    " 

Sept.     5 9  27.0  +16  16  3  17 

15 9  51.9  +14  16       3  11 

25 10  16.1  +12  07  3  05    •* 

Oct.      5 10  39.8  +  9  52  2  57 

JUPITER. 

Aug.     5 17  55.6  —23  23  4  33  p.m 

15 17  53.T  —23  24  3  52    " 

25 17  53.2  —23  26  3  12    ** 

Sept.    5 17  54.1  —23  27  2  30    ** 

15 17  56.4  —23  28  1  53    " 

25 17  59.9  —23  30  1  17    " 

Oct.      5 18  04.5  —23  31  12  42    ** 

SATURN. 

Aug.     5 9  40.8  +15  07  5  38  a.m. 

15 9  45.H  +14  43  5  05 

25 9  50.7  +14  18.  4  32 

Sept.    5 9  56.1  +13  51  3  57 

15 10  00.9  +13  27  3  24 

25 10  05.4  +13  04  2  51     " 

Oct.      5 10  09.6  +12  42  2  17    " 

URANUS. 

Aug.     5 13  09.6  —  6  44  10  34  a.m. 

15 13  11.0  —  6  54  9  57    '* 

25 13  12.6  —  7  04  9  20    " 

Sept.     5 13  14.7  —  7  16  8  40    *' 

15 13  16.7  —  7  30  8  03    ** 

25 13  Xh,9  —  7  43  7  27    '* 

Oct.       5 13  21.2—7  57  6  51    ** 

NEPTUNE. 

Aug.     5 4  10.5  +19  24  11  49  a.m. 

15 4  11.1  +19  26  11  10 

25 4  11.5  +19  26  10  31 

Sept.     5 4  11.7  +19  26  9  46 

15 4  11.6  +19  25  9  09 

25 4  11.4  +19  24  8  29 

Oct.      5 4  10.8  +19  22  7  49 


t» 


(4 


«( 
it 

(i 
H 


Transits. 

Sets. 

h   m 

h  m 

11  58.4  A.M. 

7  21  P.M. 

12  37.5  P.M. 

7  32  " 

1  03.1  " 

7  26  " 

1  19.6  " 

7  11  " 

1  26.4  " 

6  53  " 

1  21.9  " 

6  30  " 

12  53.9  " 

5  55  " 

9  00.6  A.M. 

4  33  P.M. 

9  08.5  " 

4  43  " 

9  17.3  *' 

4  47  " 

9  27.3  *' 

4  49  " 

9  36.0  *' 

4  45  " 

9  43.9  ** 

4  39  " 

9  50.8  " 

4  29  •' 

11  08.0  a.m. 

6  42  P.M. 

10  55.5  ** 

6  23  " 

10  42.3  " 

6  02  " 

10  27.0  " 

5  37  " 

10  12.4  " 

5  14  ** 

9  57.3  " 

4  49  " 

9  39.9  " 

4  22  " 

8  56.2  P.M. 

1  20  A.M. 

8  15.0  " 

12  38  ** 

7  35.1  " 

11  58  p.m. 

6  52.8  " 

11  16  ** 

6  15.7  '* 

10  39  " 

5  39.9  •' 

10  03  •* 

5  05.3  ** 

9  28  *' 

12  42.8  P.M. 

7  48  P.M. 

12  08.4  " 

7  12  ** 

11  34.0  a.m. 

6  36  »* 

10  56.2  ** 

5  56  ** 

10  21.6  " 

5  19  " 

9  46.7  " 

4  43  " 

9  11.7  " 

4  06  •* 

4  11.0  P.M. 

9  48  P.M. 

3  31.1  " 

9  09  " 

2  55.5  ** 

8  31  " 

2  14.3  " 

7  49  " 

1  37.0  *' 

7  11  " 

12  59.9  " 

6  33  " 

12  22.9  " 

5  55  " 

7  13.4  a.m. 

2  38  P.M. 

6  34.8  ** 

2  00  •* 

5  56.0  " 

1  21  " 

5  12.8  ** 

12  38  " 

4  33.4  " 

11  58  a.m. 

3  53.8  " 

11  59  " 

3  14.0  " 

10  39  " 
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THB  SUN. 

R.  A.  Dccl.  Rises.  Trasits.  Sets, 

hm  **'  hm  hm  hm 

Aug.     5 9  03.7   -f  16  48  4  52  a.m.  12  05.7  p.m.  7  19  p.m 

15 9  41.5   -f  13  51  5  04    **  12  04.2    **  7  05 

25 10  18.(5   +10  32  5  15    **  12  01.8    "  6  48 

Sept.    5 10  58.5   +  (5  34  5  28    •*  1158  4  a.m.  6  29 

15 1134.5    +2  40  5  40    *•  1154.9     '  6  10 

25 12  10.4  —  1  07  5  51  *\  11  51.5  **  5  52 

Oct.   5 12  40.7  —  5  00  6  04  *•  11  48.3  "  5  33 


Occultations  Visible  at  Washington. 

IMMBRSION.  EMERSION. 
Star's         Mafi^i-        Wash.      Angle  fm  Wash.       Ans^le  fm  Dura- 
Date.                Name.          tude.        Mean  T.        N.  P't.  Mean  T.        N.  P't.  tion. 

h    m                     *>  h    m                 °  h^m 

Aug.  18  d^Tawri           4  1137  132  12  04  189  0  27 

18  4*Tauri            5  12  42  82  13  43  234  i;02 

Sept.  3  Jupiter              0  9  43  135  10  31  224  0:49 

3  Pxvii330          SVi  *    1106  66  12  0*  289  0,58 

9  30  Pisdum        4Yi  13  41  133  14  30  161  0  49 

14  B.  A.  C.  1272  6  12  38  54  13  53  254  i;i5 

Oct.     1  26  Sagittarii    6Vi  6  43  42  7  40  314  0  56 

3  17Capricorni6  7  10  93  8  27  234  i;i8 

Approximate  Times  of  Transit  of  the  Great  Red  Spot  Across  the  Middle  of 

Jupiter's  Disk. 

Central  Time. 

d  h  m 

Aug.  26  11  30  P.  M. 

27  7  21  •• 

28  3  13  " 

29  9  00  •• 

30  4  52  •• 

31  10  39  '* 
Sept.  1  6  30  •• 

3  12  17  a.m. 
8  09  P.  .Vf. 

4  4  00 

5  9  52 

6  5  39 

7  11  26 

8  7  18 

9  3  10 

10  8  57  ** 

11  4  48 

12  H)  36 

13  6  27 

14  2  19 

15  8  06 


Central  Time. 

d 

h    m 

Vug.     5 

9  09 

P.  M. 

6 

5  00 

»» 

7  10  47 

ti 

8 

6  39 

ii 

10  12  26 

A.  M. 

8  17 

P.  M. 

11 

4  08 

14 

12 

9  56 

»« 

13 

5  47 

(1 

14  11  34 

1* 

15 

7  25 

t  » 

16 

3  17 

tl 

17 

9  04 

it 

18 

4  55 

It 

19  10  42 

tt 

20 

6  34 

It 

22  12  21 

A.  M. 

8  13 

P.  M. 

23 

4  04 

It 

24 

9  51 

tl 

25 

5  43 

.  t 

tt 


it 
tt 


tt 


Central  Time. 

d      h     m 

Sept.  16     3  58] 

p.  M. 

17     9  45 

18     5  37 

19  11  24 

20     7  16 

21     3  07 

22     8  54 

23     4  46 

24  10  33 

25     6  25 

26     2  17 

27     8  04 

28     3  56 

29     9  43 

30     5  35 

Oct.      1  1 1  22 

2     7  14 

3     3  05 

4     8  57 

5     4  44 

Phases  of  the  Moon. 

Central  Time, 
d      h    m 

First  Quarter Aug.    4     7  27  a.  m. 

Full  Moon 10  10  43  P.  M. 

Last  Quarter 18     4  52  a.  m. 

New  Moon 26     8  00  a.  m. 

First  Quarter Sept.    2     1  35  p.m. 

Full  Moon 9     7  53  a.m. 

Last  Quarter 16  10  49  p.  m. 

New  Mooij 24     8  42  P.  M. 

First  Quarter Oct.     1     7  33  p.  M. 
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Central  Time. 

Cmt 

n1  Time. 

ri        h    m 

d 

Aug.     5     9  52  P.  H. 

I.  Ec.  Re. 

Sept.      2 

6  24  r.M. 

II.  Tr.  In. 

8     »  55    " 

H.  Tr.  in. 

8  57    " 

II.  Sh.  In. 

10     8  44    ■' 

ir.  Ec.  Re. 

a  05  ■■ 

II-  Tr.  Bf. 
I.  Oc.  Dw. 

11     8  21     " 

in,  Tr.  Eg. 

4 

T40    ■' 

9  31    ■' 

111.  Sh.  In. 

5 

6  3+    - 

III.  Oc.  IXs. 

10  20    '■ 

I.  Tr.  In. 

7  06    ■• 

1.  Tr.  Eg. 

U  22    ■■ 

I.  Sh.  In. 

8  22    - 

I.  Sh.  Eg. 

12  12  32  a.m. 

I.  Tr.  Eg. 

9  32    ■■ 

III.Oc,  Re. 

12  12  as  •■ 

1.  Sh.  Eg. 

9 

8  55    •■ 

If.  Tr.  In. 

7  40  p.  «. 

1.  Oc.  D.S. 

11 

8  33    " 

II.  Ec.  Re. 

10  B7    ■■ 

I.  Ec.  Re. 

9  33    ■■ 

I.  Oc.  Dis. 

13     8  08    " 

I.  Sh.  Eg. 
IV.  Ec.  D.S. 

12 

6  43    '■ 

l.Tr.  In. 

18     8  31     '• 

8  01    " 

I.  Sh.  In. 

9  03    " 

III.  Tr,  In. 

9  00    ■■ 

I.  Tr.  Eg. 

10  37    ■' 

IV.  Ec.  Re. 

10  18    ■' 

1.  Sli.  Eg. 
III.Oc.  d5. 

11  59    " 

III.  Tr.  Eg. 

10  26    '■ 

19     9  29    •■ 

I.  Oe.  Re, 

•     13 

7  34    ■■ 

I.  Be.  Re. 

20     B  38    ■■ 

I.  Tr.  In, 

16 

8  37    ■■ 

III.  Sfa.  Eg. 

7  45    " 

I.  Sh.  In. 

19 

8  38    " 

I.  Tr.  In. 

8  55    •• 

20 

5  56    " 

I.  Oc.  DU. 

10  03     ■■ 

I.  Sh.  Eg. 

6  08    •■ 

Il.Sh.  EK, 
IV.  Oc.  [fe 

21     7  20    " 

I.  Ec.  Re. 

a  83   *• 

22     6  3H    ■■ 

III.  Ec.  Re. 

21 

6  43    '• 

I.  Sh.  Eg. 

2*    8  56    '■ 

II.  Oc.  Dis. 

23 

7  17    '• 

111.  Tr.  Eg, 
11.  Oc.  dS. 

Sfi     6  36    '■ 

11.  Tr.  Eg. 

25 

8  29    '■ 

6  47    ■■ 

IV.  Tr.  In. 

27 

6  CO    " 

II.  Sh.  In. 

8  20    " 

IV.  Tr.  Eg. 

6  02    ■■ 

II.Tr.  Eg. 
I.  Oc.  S. 

9  IW    '■ 

II.  Sh.  Eg. 

7  51    ■■ 

27     8  29    ■' 

I.  Tr,  In. 

8  44    ■■ 

n.  Sh.  Bg. 

9  40    ■■ 

I.  Sh.  In. 

28 

6  20    " 

t.  Sh.  1? 

10  4G    ■■ 

1.  Tr.  Eg, 

7  20    ■■ 

I.  Tr.  Eg. 

28     9  15    ■■ 

I.  Ec,  Re. 

8  38    '• 

I.  Sh.  1^. 

29     6  27    '■ 

I.  Sh.  Eg. 
lU.Ec.  D.S. 

29 

5  53    •■ 

I.  Be.  R^. 

7  +4    ■■ 

8  13    ■' 

IV.  Sh.  Eg. 

10  39     •■ 

III.  Ec.  Re. 

30 

8  20    ■■ 

III.  Tt.  In. 

Note.— The  meaning  of  Ec.,   is  eclipse;  Tr., 

transit;   Oc 

occulUitibn ; 

I)is..  iHanppearance :  In.,  ingress;  Eg. 

egress;  R 

transit  ot  the  shadow 

Annular  Eclipse  of  the  Sun  June  HI,  1889.  We  have  not 
yet  received  any  report  of  observations  of  the  annalar 
eclipse  of  the  sun  which  took  place  June  27,  1889.  lis  path 
was  principally  throuEh  southern  Africa  and  the  Indian 
Ocean.  

The  Partial  Eclipse  of  the  Moon  which  occuired  July  12, 
was  visible  only  in  Europe,  Asia,  Africa,  Australia,  the 
Atlantic  Ocean  and  the  easterly  portion  of  South  America. 


Variable  Star  «  Cepbei.  We  have  received  Mr.  J.  E.  Gore's 
paper  on  the  variable  star  «  Cephei  which  contains  a  scries  of 
observations  from  Sept.  1874  to  Dec.  27,  1887.  with  inter- 
esting notes  on  the  same  and  other  information. 


rito^k 
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COMETS. 


Comet  e  1888  was  observed  in  Bristol,  England,  on  June 
19  and  21 ;  it  was  also  observed  by  Professor  Frisby,  U.  S. 
Naval  Observatory,  Washington,  D.  C,  as  late  as  June  23. 
This  comet  was  discovered  by  Mr.  Barnard  of  Lick  Observ- 
atory, Sept.  2,  1888,  and  has  been  visible  since  that  time. 
Its  perihelion  was  passed  in  January  of  this  year  at  the 
great  distance  of  169,000,000  of  miles  from  the  sun.  Owing 
to  this  fact  and  the  favorable  position  of  its  orbit,  its  period 
of  visibility  has  been  remarkably  long.  The  comet  is  still  in 
view,  though  exceedingly  faint. 

Ephemeris  of  Comet  e  1888  by  C.  W.  Crockett.  From  A, 
J.  No.  195 : 

1889  G.  M.  T.       App.  «  App.  *J 

h     m      s  o     *     // 

1.5      19  52  37.8  —   3  35  58 

2.5           49  23.9  3  46  34 


Aug. 


logr 
0.45699 


log  J 
0.27621 


Br. 
1.9 


3.5 

46  13.1 

3  57  06 

0.45963 

0.28222 

4.5 

43  05.4 

4  07  33 

5.5 

40  01.1 

4  17  55 

0.46225 

0.28870 

6.5 

37  00.3 

4  28  11 

7.5 

34  02.9 

4  38  20 

0.46486 

0.29560 

8.5 

31  09.0 

4  48  22 

9.5 

28  1H.7 

4  58  18 

0.46746 

O.30288 

10.5 

25  32.1 

5  m  07 

11.5 

22  49.2 

5  17  48 

0.47006 

0.31049 

12.5 

20  10.0 

5  27  21 

13.5 

17  34.6 

5  36  46 

0.47264 

0.31838 

14.5 

15  03.0 

5  46  02 

15.5 

12  35.1 

5  55  10 

0.47521 

0.32653 

16.5 

10  10.9 

6  04  10 

17.5 

07  50.5 

6  13  01 

0.47776 

0.83488 

18.5 

05  33.8 

6  21  44 

19.5 

03  20.8 

6  30  18 

0.48031 

0.34341 

20.5 

19  01  11.5 

6  38  43 

21.5 

18  59  05.9 

6  47  00 

0.48285 

0.35207 

22.5 

57  04.0 

6  55  08 

23.5 

55  05.6 

7  03  07 

0.48538 

0.36084 

24.5 

53  10.8 

7  10  58 

25.5 

51  19  5 

7  18  40 

0.48789 

0.36969 

26.5 

49  31.6 

7  26  14 

27.5 

47  47.2 

7  33  39 

0.49039 

0.37859 

28.5 

46  06.2 

7  40  56 

29.5 

44  28.4 

7  48  05 

0.49288 

0.38751 

30.5 

42  53.9 

7  55  06 

31.5 

41  22.6 

8  01  58 

0.49536 

0.39643 

1.8 
1.7 
1.6 
1.6 
1.5 
1.4 
1.4 
1.3 
1.2 
1.2 
1.1 
1.1 
1.0 
0.9 


0.9 


Bkments  and  Ephemeris  of  Comet  b  1889,  The  following 
are  the  corrected  elements  of  comet  b  1889,  computed  by 
Profefltor  W.  W.  Campbell,  of  Detroit  Observatory,  Ann  Ar- 
bor, Mich,  as  given  in  the  Astronomical  Journal  No.  197 :« 
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ELEMENTS. 

T  =  Gr.  M.  T.  1889  June  7.654619d 
a,  =  234°  55'  38"  .11  ^  ,.  ,.         ,  .  , 
Q=310     51    41   .0 1  ^'^P^^^  ^°d  Mean 
1=163     53    25  .2J    Equinox  1889.0 
log  q  =  0.354458 
q  =  2.261817 

EPHEMERIS  FOR  GREENWICH  MEAN  TIME. 
1889  .    o  fi  log  r  log  j  Br. 

July      5.5  5     9  16  +12  11.8  0.3587  0.4948  0.88 

9.5  5     9    6  11  53.4  0.3600  0.4892  0.90 

13.5  5     8  46  11  33.5  0.3515  0.4830  0.92 

17.5  5     8  14  1111.9  0.3631  0.4760  0.94 

21.5  5     7  30  10  48.5  0.3648  0.4682  0.97 

25.5  5     6  31  10  23.2  0.3698  0.4598  1.00 

29.5  5     5  15  9  55.7  0.3688  0.4506   •    1.03 

Aug.     2.5  5     3  39  9  25.8  0.3710  0.4407  1.07 

6.5  5     1 41  8  53.2  0.3734  0.4300  1.11 

Sept.    5.5  4  29  51  +2  54.7  0.3946  0.3319  1.59 

Oct.      5.5  3     9  23  —     7  20.5  0.4208  0.2483  2.07 

Nov.     5.5  1  15  17  —  15  58.3  0.4507  0.2973  1.44 

[The  brightness  at  date  of  discovery  is  taken  as  the  unit.] 


Comet  c,  1889,  Comet  c  1889  was  discovered  by  E.  E  - 
Barnard,  astronomer  at  Lick  Observatory,  June  23.949^^ 
G.  M.  T.  in  R.  A.  lA  26/n  54.4s;  Decl.  +48°  50'  44";  daily- 
motion  +  4/72  24s  in  R.  A.;  —0°  34'  in  Decl. 

ELEMENTS. 

T=  1889,  June  20.115,  Greenwich  M.  T. 
a>=    59°  21' 


^i  =  271 

^ 

Mean  Eq. 

1889.0 

i=    31 

15 

9  =  1.1024 

EPHEMERIS. 

Greenwich  M. 

T. 

R.  A 

h.  ni.    s. 

Decl. 

O         ' 

Light. 

June    29.5 

1  47     4 

+41  51 

0.92 

July       3.5 

2     5  48 

43  40 

7.5 

2  24  20 

45  11 

11.5 

2  42  30 

+46  27 

0.76 

ight  at  discovery  =  1. 

Computed  by  Professor  Leuschner,  of  Lick  Observatory, 
from  Lick  Observations  of  June  23,  24  and  25. — Sc.  O.  C. 
No.  85.  

Elements  and  Ephemeris  of  Comet  c  1889  (Barnard). 
These  elements  and  ephemeris  were  also  computed  by  Pro- 
fessor W.  W.  Campbell  of  Ann  Arbor. 
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ELEMENTS. 

T=  1889  June  20.64221  Gr.  M.  T. 

Q  =  271  25     11  .2  l^chptic  and  Mean 
1  =  31     21     23.6]    Equinox  1889.0 
log  q  =  0.049016 
q  =  1.119478 

i>    -^     1    /n    r-x/cos,^  J>l'=+3".5 
Residuals  (O— C)  \  j  J'  =  4-  6"  0 

EPHEMERIS  FOR  GREENWICH  MEAN  TIME. 

1889  a  (5  logr  log  J  Br. 

h    m   s  '^    ' 

July  27.5  3  50  29  +  49  21.H  0.1027  0.1325       0.54 

29.5  3  58    7  49  32.7  0.1078  0.1363 

31.5  4    5  33  49  41.7  0.1130  0.1401       0.50 

Aug.     2.5  4  12  45  40  48.9  0.1184  0.1436 

4.5  4  19  44  49  54.4  0.1238  0.1471       0.46 

6.5  4  26  29  49  58.3  0.1293  0.1503 

8.5  4  33    0  .50    1.0  0.1349  0.1534       0.42 

10.5  4  39 17  50    2.3  0.1405  0.1563 

12.5  4  45  20  20    2.6  0.1462  0.1591        0.38 

14.5  4  51    9  50    1.9  0.1519  0.1616 

16.5  4  56  43  +50    0.2  0.1577  0.1641       0.36 

— Astronomical  Journal. 


Comet  d  1889,  From  a  dispatch  received  July  7,  it  was 
announced  that  a  new  comet  had  been  discovered  by  W.  R. 
Brooks,  of  Geneva,  N.  Y.  The  date  of  discovery  was  July  6, 
12/1  30i»  Washington  M.  T.;  its  place  R.  A.  =  23/i  45n2 

Decl.  =  —  9"   9' 
The  comet  appeared  to  be  one  minute  of  arc  in  diameter, 
slightly  elongated  and  as  faint  as  an  11th  magnitude  as 
observed  by  Mr.  Barnard  July  8. 

July  6,  Professor  Swift,  of  Rochester,  N.  Y.,  announced  the 
discovery  of  a  comet  in  R.  A.  =  22A  52n2  28s 

Decl.  =+0°49' 

It  is  probable  that  the  last  observation  is  a  re-discovery 
of  comet  e  1888. 


Elements  and  Epbemetis  of  Comet  d  1889,  by  S,  C.  Chan- 
dler. Just  before  going  to  press  we  received  by  telegraph, 
firom  Harvard  College  Observatory,  the  elements  and 
ephemeris  of  comet  d,  computed  by  S.  C.  Chandler,  of  Cam- 
bridge, Mass. : 
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ELEMENTS. 


Time  of  perihelion  passage  =  Aug.  3.40  Greenwich  M.  T. 
Dist.ofperihelionfromnode  =  311°  24''|  .,        _ 
Longitude  of  node  =    28    13  }  ^*<^«°  f^"'"**^ 

Inclination  of  Orbit  =      5    56  J  looS-O 

Perihelion  distance  =  0.3627 


Jnly  27.5 

July  31.5 

Aug.  '  ' 
Aug. 


EPUEMERIS. 


0    8     40       —6    a+ 


Light  at  the  timi;  of  discovery  taken  as  unity. 

From  the  message  we  could  not  be  quite  sure  of  the  dates 
of  observations  from  which  the  above  elements  were  com- 
puted. If  we  mistake  not,  they  were  July  8  for  the  first, 
and  July  10  for  the  second  and  third. 


Comet  e  1889  {^Davidson) .  July  25,  a  telegram  was  re- 
ceived from  Harvard  College  Observatorj'  announcing  the 
discovery  of  a  bright  toniet  by  Davidson  of  Queenstown. 
July  21.'  The  position  for  July  22.9610  was  R.  A.  126  46jii 
09s.O;  Decl.  south  32°  29'  06";  daily  motion  east  llm; 
north  2°  ■t8'.  This  rapid  motion  to  the  north  and  east  will 
soon  make  its  position  favorable  for  observation  in  northern 
latitudes,  if  the  direction  of  its  path  be  rightly  anticipated. 


San-Spot  Seen  by  Naked  Eye.  Saturday  evening.  June  22, 
while  on  an  outing  down  the  Potomac  river,  I  noticed  dnr- 
ing  a  verj-  red  sunset  a  sun-spot  of  great  magnitude  dis- 
tinctly visible  to  the  naked  eye.  Its  apparent  magnitude 
was  such  that  I  could  scarcely  believe  it  a  solar  appendage. 
On  Thursday  following  (the  first  clear  day)  I  observed  1 
spot  with  the  telescope  just  as  it  was  disapijearingo 
west  limb  of  the  sun.  w.  e.'H 


Report  of  Astronomical  Observatories  for  1886.    The  «»• ' 
nal  reprort  on  Astronomical    Observatories  for   the   year 
1886  has  just  corae  to  hand.    It  was  prepared  for  the  S 
sonian  R^ort  for  the  same  year  by  George  H.  Boehma 
is  in  the  usual  form,  covering  116  pages. 
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-"  ■  . 

Minor  Planet  No.  284  was   discovered  May  29  by  M. 

Chariots  at  the  observatory  of  Nice. 


Bright  Meteor.  I  noticed  in  your  June  number  a  descrip- 
tion of  a  brilliant  meteor  seen  by  Frank  Soule  at  Students* 
Observatory,  at  Berkeley,  Cal.,  May  15  of  this  year,  which, 
as  he  says,  pursued  a  southerly  course  along  an  arc  drawn 
through  the  stars  Gamma  and  Alpha  Leonis  and  seemed  to 
disappear  at  a  point  half-way  between  Regulus  and  Hydra. 
Then  he  says  that  it  immediately  reappeared  pursuing  a 
course  irregurlarly  from  east  to  west  disappearing  to  the 
north  of  Hydra,  etc;  that  its  brilliancy  was  that  of  Saturn, 
but  its  size  was  that  of  Venus  at  its  greatest  brilliancy. 
This  at  8:40  p.  m.  Pacific  meridian. 

On  the  same  evening  (as  I  find  by  comparing  notes)  at 
about  10:30  P.  M.  meridian  of  Washington,  I  saw  a  very 
bright  meteor  pursuing  a  southwesterly  course  in  the 
direction,  I  should  judge,  of  the  star  Gamma,  and  disap- 
pearing very  near  the  western  horizon.  It  had  almost  pre- 
cisely the  glow  of  Saturn,  but  the  size  of  Venus  as  shining 
at  that  time  of  the  month.  Its  motion  was  very  rapid,  and 
had  I  not  been  looking  in  that  immediate  direction,  it 
would  probably  have  escaped  my  notice  notwithstanding 
its  brilliancy. 

As  the  description  corresponds  very  closely  with  that 
seen  by  Professor  Soule,  can  it  be  identical,  considering  even 
the  long  distance  across  the  continent  ?       e.  j.  brookings, 

Washington,  D.  C,  June  10, 1889. 


Queries  with  Brief  Answers..  19.  When  does  the  next 
century  begin?  a.  b.  c. 

In  astronomical  time  Dec.  31,  12  A,  1899 ;  in  civil  time  12 
hours  earlier,  if  we  call  the  365th  day  of  1899  the  0  day  of 
1900. 

20.  There  is  daily  change  in  the  right  ascension  and  the 
declination  of  the  stars;  is  it  irregular  in  both?  Is  it 
periodical  in  one  or  both  ? 

It  is  irregular  in  both;  it  is  periodical  in  both  so  far  as 
lum- solar  precession  is  concerned.  Planetary  precession 
afiects  the  right  ascension  of  the  stars,  not  their  declina- 
tion. There  are  also  conditions  of  secular  change  in  the 
star  codrdinates.  (See  Chauvenet,  Vol.  1,  ch.  xi.) 


21.  What  are  the  properties  of  the  Jena  glass  that  mnke 
it  superior  to  the  old  kinds?  j.  q. 

Vic  suppose  it  is  meant  to  ask  what  are  the  advantages  of 
the  Jena  glass  for  optical  purposes  over  those  kinds  in 
common  use. 

The  persistent  and  troublesome  defect  in  the  so-cnlled 
achromatic  lens  is  the  secondary  spectrum,  due  to  the  fact 
that  the  lens  does  not  focus  all  refracted  rays  at  the  same 
point;  hence  images  formed  have  traces  of  color  nristng 
from  this  cause.  By  using  different  kinds  of  glass  opticians 
are  able  to  bring  together  two  widely  differing  rays  of  light, 
as  the  red  of  the  line  C  of  the  spectrum  and  the  blue  of  line 
G,  but  it  by  no  means  follows  that  the  same  two  pieces  of 
glass  will  bring  together  in  a  focus  all  other  rays.  On  the 
coatrary,  owing  to  what  is  called  the  "irrationality  of  dis- 
persion." the  color  correction  has  never  been  complete. 
Some  opticians  have  tried  to  remove  this  color  entirely  hy 
using  three  lenses  of  different  media  but  with  partial 
success  only.  In  1881  Professor  Abb^  and  Dr.  Schott  under- 
took the  study,  chemically,  of  a  wide  range  of  substances 
from  which  a  perfect  glass  for  optical  purposes  could  be 
made,  In  1883  their  work  seemed  to  be  narrowed  to  two 
problems ;  one  of  which  was  to  make  pairs  of  kinds  of  flint 
and  crown  glass,  such  that  the  dispersion  in  the  various  re- 
gions of  the  spectrum  should  be,  for  each  pair,  as  nearly  as 
possible  proportional.  The  object  of  this  was  to  diminish 
the  secondary  coloring  effects  inseparable  from  the  irration- 
ality of  ordinary  silicate  flint  and  crown  glasses.  In  this 
study  these  distinguished  Jena  physicists  have  been  so  suc- 
cessful, it  is  claimed,  that  color  correction  is  practically  re- 
duced to  zero  in  the  new  glass  disks  they  make,  and  that 
the  foci  for  \'isual  and  for  photographic  purposes  are  the 
same.  The  first  point,  we  believe,  is  generally  admitted  ia 
the  case  of  small  lenses ;  large  ones  have  not  yet  been  made 
of  the  new  glass.  The  second  point  possibly  needs  confirm' 
ation. 

22.  Are  the  satellites  of  Mars  of  meteoric  origin, 
the  nebular  hypothesis  account  for  them  ?  L. 

The    nebular   hypothesis    alone  will  not    accotmt 
period  of  revolution  of  satellites  that  is  shorter  than  that  of 
the  primary  planet.     But  it  is  claimed  by  some  physicists 
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that  the  tides  are  constantly  lengthening  the  period  of  ro- 
tation of  the  primary  planet  and  that  in  this  way  the  time 
of  revolution  of  the  inner  satellite  of  Mars  has  become 
shorter  than  the  planet's  day.  Some  European  astronomers 
favor  this  view,  but  concurrence  in  it  does  not  yet  seem  to 
be  general.  The  supposition  of  a  meteoric  origin  is  less 
probable. 

23.  What  is  the  cause  of  the  polar  filaments  in  the 
corona  of  the  sun  as  seen  in  the  January  eclipse  ?  p.  w. 

24.  What  is  the  cause  of  the  shadow  bands  seen  during 
the  period  of  totality  of  the  solar  eclipse  ?  p.  w. 

25.  What  are  the  relative  merits  of  refracting  and  reflect- 
ing telescopes  of  the  same  aperture  ?  a.  b.  n. 

26.  In  Chambers'  Astronomy  (p.  6.)  we  find  the  state- 
ment that  the  solar  heat  is  suflScient  to  raise  the  tempera- 
ture of  an  ocean  of  fresh  water  60  miles  deep  from  freezing 
point  to  boiling  in  one  year.  Do  later  studies  of  solar  heat 
verify  that  assertion  ?  w.  &  m. 

27.  In  No.  74  S.  M.,  Professor  Swift,  speaking  of  the 
double  star.  Castor  saj's,  **the  two  stars,  nearly  equal  in 
magnitude,  have  moved  so  little  during  the  last  hundred 
years  that  astronomers  are  in  doubt  whether  the  motion 
is  orbital  or  not."  Is  not  the  orbital  motion  of  this  star 
absolutelv  certain?  w.  h.  s.  m. 

28.  Is  not  the  statement  in  the  text-books  on  astrr»nomy 
that  sunlight  is  800,000  times  greater  than  full  moon-light 
manifesto  wrong?  Common  observation  would  say  that 
number  is  1,000  times  greater  than  it  should  be.  i.  c. 

29.  After  studying  Pierce's  Analytical  Mechanics.  I  think 
that  if  the  pendulum  of  a  clock  were  to  swing  in  a  vacum 
of  uniform  temperature  the  error  of  the  clock  would  be  a 
minimum.    Have  clocks  been  tried  in  this  wa\'  ?  a.  j. 

30.  In  what  constellation  is  star  1830  Groombridge? 
Can  it  be  *picked  up'  from  its  position  in  reference  to  other 
stars  without  use  of  an  equatorial  ?  s.  w.  f. 

31.  \Miat  causes  Mercurv  and  Venus  to  form  the  black 
drop  in  transit?  f.  d.  b. 

32.  I  have  been  trying  to  observe  the  red  spot  of  Jupiter 
without  success.    What  is  its  position,  size  and  color? 

L.  F.  c. 

33.  Can  you  refer  me  to  any  source  from  which  I  can  get 
a  record  of  sun-spots  for  the  last  maximum  period  ?    c.  e.  b. 
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EDITORIAL  NOTES. 

Contrary  to  expectation,  we  publish  for  August  instead  o 
September,  because  we  have  recently  received  some  mattcr 
that  ought  to  appear  sooner  than  we  had  previously 
planned  for  our  next  issue.  Hence  our  readers  will  please 
bear  in  mind  that  the  next  Messenger  will  be  for  October, 
and  be  mailed  the  last  days  of  the  preceding  month  as 
usual. 


Mr.  Lockyer's  Meteoric  Theory.  We  have  been  greatly 
interested  in  the  researches  of  Mr.  Lockyer,  and  the  new 
theory  which  he  is  now  working  out  in  detail.  The  results 
foreshadowed  are  so  new  and  revolutionary  in  kind  that 
those  in  the  well  worn  paths  of  science  will  hesitate  to  ac- 
cept them  until  they  have  had  opportunity  to  give  the  CTW 
deuce  on  which  they  rest  for  support  careful  and  severe  scnt- 
tiny.  This  is  right;  the  discoverer  can  afford  to  wait,  and 
the  scientist  must  know  for  himself  before  he  can  rationally 
accept  radical  doctrine  that  is  new.  The  leading  article  in 
this  number  by  Professor  Voung,  setting  forth  late  work  by 
Dr.  Huggins,  is  exactly  in  line  of  this  thought,  and  if  wc 
mistake  not,  his  positions  against  Mr.  Lockyer's  identifica' 
tions  are  very  strong,  if  not  absolutely  conclusive.  It  looks 
as  if  Dr.  Huggins  had  picked  out  some  weak  points  in  the 
newtheory  that  will  trouble  its  author  to  answer.  Speetro- 
scopists  will  follow  this  discussion  with  deep  interest. 


*A  of  nflP^I 


Determination  of  the  Magnifying  Power  of  Eyv-P 
The  following  is  a  very  simple  and  accurate  method  < 
ing  the  magnifying  power  of  any  eye-piece  by  measurement 
of  the  small  circle  of  light  seen  in  the  eye-piece  when  the  tele- 
scope is  pointed  at  the  sky. 

Almost  every  mechanic  now-a-days  has  one  of  those  very 
accurate  little  micrometer  calipers,  or  wire  gauges,  by 
Browne  and  Sharpe.  When  new  the  jaws  of  the  instrument 
are  finely  polished,  and  if  it  be  laid  upon  the  eye-piece  with 
the  circle  of  light  between  the  jaws,  by  moving  the  e« 
a  little  from  side  to  side,  three  circles  will  be  seen,  the  true 
one  and  a  reflected  image  of  it  in  either  jaw.  Now  by  mov- 
ing the  caliper  and  its  screw,  the  true  circle  can  be  made  ta^-- 
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gent  to  both  its  reflected  images  at  the  same  time.  The 
reading  of  the  screw  will  n.ow  be  the  true  diaineter  of  the 
circle,  and  it  only  remains  to  divide  the  aperture  of  the 
object  glass  (or  mirror)  by  this  reading  to  know  the 
magnifying  power  of  that  particular  eye-piece.  The 
measurement  can  be  made  with  great  nicety,  two  suc- 
cessive readings  rarely  differing  by  more  than  0.001  inch, 
and  the  result  is  as  accurate  as  can  be  obtained  by  a  much 
more  expensive  dynamometer.  c.  c.  hutchins. 

Bowdoin  College,  May  31, 1889. 


Mean  Scottish  Meteorology  for  the  last  thirty-two  j'ears 
is  the  title  of  a  publication  recently  issued  by  C.  Piazzi 
Smyth,  late  Astronomer  Royal  for  Scotland.  The  first  part 
of  this  volume  has  31  chronological  tables  of  mean  Scottish 
meteorology,  month  by  month,  for  the  entire  period  of  the 
thirty-two  years,  beginning  with  1856  and  ending  with 
1887.  Following  the  tables  are  fourteen  full  page  litho- 
graph plates  showing  the  results  of  observations  projected 
in  curves  in  various  ways  for  ready  comparison.  The  purely 
meteorological  part  of  this  volume  is  verj'  instructive ;  but 
we  were,  naturally,  more  interested  in  the  deductions  that 
pertain  to  solar  phenomena.  Four  points  are  briefly  dis- 
cussed which  ought  to  be  more  fully  reported  than  our  space, 
now,  will  allow.  They  are,  (1)  supra-annual  cycles  of 
weather  and  solar  phenomena,  (2)  temperature,  barometric 
range  and  sun-spot,  (3)  details  of  sun-spot  cycles,  and  (4) 
aurora,  lightning  and  sun-spots.  The  curves  representing 
solar  waves  for  the  three  periods  under  .special  stud3'  are  so 
interesting  that  we  have  ventured  to  ask  Professsor  Smyth 
to  prepare  an  article  covering  those  topics  with  appropriate 
graphic  representations  to  assist  the  eye  in  their  careful 
stndy. 

The  concluding  article  is  upon  eight  years'  observations  of 
the  new  earth  thermometers  at  the  RoN-al  Observatory,  Ed- 
inburgh, 1879  to  1888,  with  tables  and  graphic  illustrations 
as  already  described. 


Electric  Light  for  Observatory  Instruments.  Mr.  F.  G. 
BKnn,  East  Oakland.  Cal..  in  a  recent  letter,  says :  **  The  use 
of  the  miniature,  incandescent  electric  lamp  is  a  delightful 
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change  from  the  greasy,  uncertain  bull's-eye  lantern,  for  tbe 
purpose  of  illuminating  the  field  of  the  transit  instrument. 
One  disadvantage,  however,  attending  its  use  is  the  need  of 
frequent  renewal  of  battery  material,  and  continued  care  of 
the  cells  when  the  lamps  are  less  used,  to  be  sure  that  light 
will  be  forthcoming  when  wanted.  It  would  seem  that  a 
miniature  dynamo  driven  by  a  sewing  machine  water  motor 
would  be  a  desirable  acquisition  to  the  Observatory,  and  if 
the  attention  of  the  manufacturers  of  electric  light  appli- 
ances could  be  directed  to  this  subject,  it  might  result  in 
benefit  to  those  who  use  astronomical  and  microscopical  in- 
struments. 

There  is  probably  a  water  supply  under  pressure  within 
the  reach  of  most  Observatories,  and  as  one  horse-power 
will  give  out  about  320  candle-power  through  sixteen  lamps 
it  would  seem  to  be  an  easy  matter  to  develop  a  sufficietit 
current  with  this  device.  One-fourth  or  one-eighth  candle- 
power  is  sufficient  for  the  needs  of  an  observer,  and  by  a 
well  arranged  switch  system  it  is  an  easy  matter  to  use  sucli 
a  light." 


Optical  Plane  Suriaces.  The  physicists  who  are  wrest- 
ling, at  the  present  time,  with  the  problem  of  standards  for 
measurement  have  so  taxed  the  finest  known  optical  ap- 
paratus in  pushing  researches  for  better  results,  that  work 
had  to  be  stopjjcd,  because,  apparently,  the  optician  coald 
not  meet  the  demands  made  on  him  for  more  perfect  appa- 
ratus. We  learn  with  great  pleasure  that  Mr,  J.  A,  Brnsh- 
ear,  of  Allegheny  City  has  overcome  the  very  difficult  task  of 
making  plain  optical  surfaces  that  are  so  perfect  that 
some  of  the  best  physicists  in  this  country  pronounce  them 
superb  and  the  best  they  have  ever  seen.  Mr.  Bmshei 
optical  work  is  commanding  wide  and  very  favorable  o 


Measuring  Lunar  Radiation.    We  have  received  nn  \ 
esting  paper  entitled  "An  Account  of  a  New  ThermograpE, 
and  of  Some  Measures  in  Lunar  Radiation,"  by  C.C.Hutch- 
ins,  assisted  by  Daniel  Edward  Owen.     Hxtracts  fromj 
paper,  with  a  cut  of  the  new  instmnicnt,  will  he  given  i\ 
next  issue. 


ril^ 
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Spectrum  of  Uranus.  At  the  July  meeting  of  the  Royal 
Astronomical  Society,  Mr.  Taylor  read  a.  paper  on  **  Obser- 
vations of  the  spectrum  of  Uranus."  On  May  16,  1889, 
with  direct-vision  spectroscope  attached  to  the  5-foot  re- 
flector at  Mr.  Common's  Observatory  at  Ealing,  England, 
bright  flutings  were  detected  in  the  red,  orange  and  green 
in  the  spectrum  of  Uranus,  and  also  four  dark  bands  in  the 
orange,  green,  greenish  blue  and  blue  respectively'.  No  trace 
of  solar  lines.  The  bright  flutings  would  indicate  that  the 
planet  to  some  extent  is  luminous.  Dr.  Huggins,  however, 
has  succeeded  in  solving  the  question  of  the  existence  of 
solar  lines  in  the  spectrum  of  Uranus  by  the  aid  of  photog- 
raphy. On  the  3rd  of  June,  with  an  exposure  of  two  hours, 
he  got  a  fine  spectrum  extending  from  about  F  to  N  in  the 
ultra  violet,  in  which  all  the  principal  solar  lines  were  dis- 
tinctly seen.  The  observed  and  photographed  spectra, 
though  seemingly  in  conflict,  are  not  necessarily  so,  as  spec- 
troscopists  readily  understand.  Both  give  evidence  of  value 
concerning  the  physical  constitution  of  the  planet  Uranus. 

After  the  sketch  of  the  life  of  the  late  Professor  William 
Tempel,  published  in  June,  was  in  type,  we  received  a  trans- 
lation of  the  same  article  bA'  Mrs.  C.  W.  Durin,  Florence, 
Italy,  wife  of  the  assistant  to  Mr.  Tempel  in  the  Observatory 
at  Arcetri.  This  translation  of  Schiaparelli's  article  from 
the  Italian  was  furnished  in  answer  to  our  request  to  Mr. 
Dunn  to  give  us  some  account  of  Professor  Tempel's  work 
for  publication.  Mrs.  Dunn's  rendering  of  the  Italian  was 
so  much  better  than  that  which  we  used  that  we  were  sorry 
that  it  did  not  come  to  hand  earlier.  The  Messenger 
gratefully  acknowledges  the  kind  courtesies  of  these  friends 
and-  heartily  joins  them  in  revering  the  name  of  another 
of  earth's  honored  and  departed  ones. 

White  Spot  on  the  Ring  of  Saturn,  We  notice  that  Pro- 
fessor Hall,  of  the  U.  S.  Naval  Observatory,  Washington,  D. 
C,  carefully  observed  the  so-called  white  spot  on  the  ring  of 
Saturn  between  dates  March  .13  and  15.  He  says  it  looks 
to  him  like  the  effect  of  contrast  between  the  shadow  and 
the  surface  of  the  ring,  such  as  has  been  noticed  before.  In 
high  powers  on  the  26-inch  equatorial  the  region  becomes 
less  distinct.  For  observers  generally  it  is  difficult  to  see 
when  attention  is  called  to  its  exact  localitv. 


TV.  C.  Winlock,  formerly  assistant  Professor  of  Mathe- 
matics in  the  U.  S.  Naval  Observatory,  Washington,  D.  C, 
has  recently  been  appointed  Chief  of  the  Bureau  of  Inter- 
national Exchanges,  at  the  Smithsonian  Institution,  the 
position  being  made  vacant  by  the  death  of  Dr.  Kidder. 
This  will  afford  Mr.  Winlock  the  best  of  opportunities  for 
pursuing  the  bibliography  of  astronomy,  one  of  his  favorite 
lines  of  study.  Our  next  issue  will  contain  his  first  com- 
munication in  line  of  such  matter. 

Mr.  Albert  Howard,  general  manager  of  the  E.  Howard 
Watch  and  Clock  Co.,  Boston,  Mass.,  in  a  recent  very  court- 
eous letter  seeks  to  set  us  right  regarding  an  error  in  last 
month's  issue  in  which  reference  was  made  to  Mr.  Gerrj'.  a 
former  employ*^  of  his  company.  On  page  273,  we  said. 
"The  escapement  was  invented  by  Mr.  Jas.  H.  Gerry  who 
was.  for  a  number  of  years,  the  foreman  of  the  Howard 
Clock  Co.,  Boston,"  Mr.  Howard  says:  "This  statement 
relating  to  Mr.  Gerrj-'s  foremanship  of  the  Howard  Clock 
Co.,  is  entirely  misleading.  The  clock  and  watch  factories 
have  always  been  two  separate  departments  and  under 
entirely  different  managements,  with  the  exception  of 
having  the  same  general  manager.  Mr.  Gerry's  position 
while  in  the  employ  of  E.  Howard  &  Co.  was  that  of  su- 
perintendent of  the  watch  department,  and  he  was  in  no 
wise  connected  with  the  invention  or  construction  of  clocks 
or  regulators." 


Measures  of  Double-Stars  and  other  observations  made  at 
Haverford  College  Observatory  under  the  direction  of  F.  P. 
Leavenworth  is  the  title  of  a  neat  publication  just  received. 
The  micrometrical  measures  of  double-stars  were  mostly 
made  during  1888  with  a  Clark  10-inch  refractor,  and  the 
power  of  single  eye-piece  used  was  375.  The  stars  chosen 
for  measure  were  those  of  Burnham  and  Struve  in  which 
motion  has  been  detected. 


L'Astirynomie  (French),  by  Camille  Flammarion,  for  July, 
has  for  its  leader  a  description  of  the  Lick  Obsen,-atory  by 
Professor  Holden,  the  Director.  The  article  fills  eight  pages, 
and  is  handsomely  illustrated  by  five  large  engravings. 


MMittI 
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Trees  along  the  Canals  of  Mars.  Our  note  last  month  on 
astronomical  heresy  in  the  Chicago  Tribane  causes  our  excel- 
lent friend,  Professor  Colbert,  to  send  us  the  following, 
which  was  published  in  the  Tribune  May  25,  and  before  our 
note  appeared  in  The  Messenger: 

A  Canadian  who  has  alternately  posed  as  a  propounder  of  alleged  astron- 
omical diicoTerics  and  a  weather  prophet  is  announced  by  tele|<raph  as 
sa3ring  he  has  discovered  the  earth  to  be  receding  from  the  stm,  and  con- 
siders it  the  greatest  astronomical  event  of  the  century.  He  quotes  as 
proof  two  well-known  facts — namely :  the  precession  of  the  equinoxes  and 
the  moon*s  secular  acceleration.  He  says  the  recession  of  the  earth  from 
the  sun  makes  her  less  and  less  subject  to  solar  attraction.  For  this  reason 
onr  globe  is  expanding,  its  oceans  are  gradually  becoming  more  shallow, 
and  the  time  is  coming  when  it  will  be  necessary  to  carve  up  its  continents 
by  canals,  as  is  already  done  by  the  inhabitants  of  the  planet  Mars,  who 
have  planted  trees  along  their  banks  to  produce  (attract)  moisture  from 
the  atmosphere.  There  is  no  occasion  for  alarm  as  a  consequence  of  these 
dire  forebodings.  The  mathematics  of  the  solar  system  were  investigated 
long  ago,  and  the  principal  facts  of  motion  by  the  earth  in  her  orbit  are 
known  with  precision  and  certainty,  not  only  for  the  present,  but  for  many 
millions  of  years.  There  is  no  appreciable  widening  out  of  the  earth's 
mean  distance  from  the  sun,  and  one  of  the  neatest  pieces  of  work  done  by 
the  mathematical  astronomers  nearly  a  centur>'  ago  was  the  demonstration 
that  the  disturbing  influence  of  other  bodies  in  the  system,  having  once 
acted  to  increase  the  mean  distance  from  the  sun,  could  produce  no  further 
alteration  in  that  respect.  It  is  true  the  eccentricity  of  the  earth's  orbit  is 
at  present  decreasing  and  will  continue  to  do  so  for  many  thousands  of 
years,  this  fiact  producing  about  half  of  the  observed  acceleration  in  the 
orbital  motion  of  the  moon.  But  it  is  easily  shown  that  the  disturbing 
force  of  the  sun  on  the  moon,  and  also  that  upon  the  waters  on  the  earth's 
crust,  could  never  be  decreased  by  more  than  about  one  part  in  3,400  of  its 
present  value.  A  more  involved  process  of  reasoning  proves  the  decrease 
will  change  to  an  increase  far  inside  the  limit  named.  The  precession  of  the 
equinoxes,  being  due  to  the  disturbing  forces  exerted  on  the  earth's  equa- 
torial protuberance  by  the  sun  and  moon,  will  var>*  slightly  as  a  conse- 
qnence  of  this  change,  but  has  no  more  to  do  with  causing  or  indicating  a 
continuous  widening  out  than  the  planets  have  to  do  with  changes  in  our 
weather. 

The  Scientific  American  (July  20)  favors  its  readers  with  a 
biographical  sketch  of  the  life  and  work  of  the  late  Maria 
Mitchell,  so  well  and  favorably  known  in  scientific  circles 
for  nearly  half  a  century.  The  honors  done  this  distin- 
guished lady  while  visiting  abroad,  and,  in  later  years,  at 
her  home,  are  proofs  of  merit  that  Vassar  College  may  well 
be  proud  of.  Her  place  at  the  head  of  the  Vassar  Observa- 
tory is  apparently  a  hard  one  to  fill. 
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Orbital  Motion  of  Sun  and  Stars.  Concerning  the  theory 
that  the  sun  is  revolving  as  a  planet  around  some  star  in 
obedience  to  the  Newtonian  law  of  gravity,  it  mar  be 
pointed  out  that  a  star  at  the  distance  of  the  nearest  knon-n 
fixed  star,  having  a  mass  equal  to  the  sun's,  would,  basing 
calculations  upon  certain  masses  and  distances  given  in  text- 
books of  astronomy,  attract  the  sun  with  a  force  equal  to 
abotit  .^*2  that  of  the  sun's  attraction  for  Neptune.  At  the 
average  distance  of  stars  of  the  first  magnitude  the  controll- 
ing star  would  need  to  have  a  diameter  equal  to  thirty-eight 
times  that  of  the  sun.  assuming  equal  densities  for  both 
bodies,  with  a  corresponding  mass,  to  enable  it  to  attract 
the  sun  with  a  force  equnl  only  to  that  necessary  for  the  sun 
to  exert  to  hold  Neptune  in  its  orbit.  .And  if  we  go  one  step 
further  and  multiply  this  augmented  mas^  by  the  number  by 
which  the  sun  exceeds  Neptune  in  mass,  a  proceeding  consist- 
ent with  the  theory  in  question,  it  would  have  a  diameter 
approaching  that  of  Jupiter's  orbit. 

If  a  spherical  shell  be  conceived  concentric  with  the  sup- 
posed governing  etar  and  passing  through  the  sun,  it  would 
probably  inclose  other  stars,  all  of  which  together,  possibly 
with  some  stars  without  the  shell,  must  also  be  moring 
with  the  sun  around  the  central  star,  otherwise  there  would 
be  apparently  an  entangling  of  systems  dangerous  to  many 
suns.  R.  n.  WHITMORB. 

Rochester,  N.  Y. 

We  do  not  wonder  that  Mr.  Whitmore  finds  difficulty  in 
accepting  the  theory  of  orbits  for  the  sun  <ind  stars  which 
beseems  tohave  thought  upon  carefully  and  well, and  which 
is  advanced  in  elementary  text-hooks  on  astronomy.  Late 
astronomy  does  not  sustain  that  theory.  There  arc  no 
proofs  that  the  motion  of  the  sun  or  stars  is  orbital,  when 
independently  considered,  except  in  the  case  of  multiple 
stars,  and,  possibly,  some  clusters  of  stars.  Every  star  at- 
tracts every  other  according  to  a  well-known  law,  and  hence 
individual  stars  must  ot)ey  all  these  separate  forces  drawing 
one  another  with  varj'ing  intensities  at  the  same  time  in  all 
possible  directions.  Hence  the  path  of  any  star  in  space  can 
not  follow  the  law  of  any  known  curve,  neither  can  it  be  an 
absolute  straight  line.  The  probabihties  of  the  case  are  thai 
their  motions  are  irregular  and  widely  dissimilar. 
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Refraction  of  Magnetic  Radiation,  Knowledge  for  July 
speaks  of  the  study  of  Dr.  Hertz,  in  relation  to  the  *' phe- 
nomena of  reflection  and  interference  of  ether  waves  due  to 
electro-magnetic  radiation.  B3*  means  of  a  prism  of  pitch 
he  has  more  recently  obtained  an  experimental  proof  of  their 
obedience  to  the  laws  of  refraction.  Professor  Oliver  Lodge 
has  gone  a  step  further.  In  a  paper  read  before  the  Phj'sical 
Society  he  described  a  series  of  experiments  he  had  carried 
out  in  conjunction  with  Dr.  J.  L.  Howard,  in  which  they  had 
employed  a  pair  of  plano-convex  hemi-cylindrical  lenses, 
made  of  the  best  comercial  pitch.  With  these  lenses  they 
performed  such  experiments  as  would  be  made  with  a  beam 
of  light  and  similar  lenses  of  glass.  The  lenses  were  85 
centimeters  high,  90  centimeters  broad,  and  21  centimeters 
thick,  each  weighing  about  300  pounds.  Dr.  Lodge  found 
that  the  results  obtained  with  them  were  throughout  in 
complete  agreement  with  those  of  Professor  Hertz.*' 

Astronomy  by  Observation,  We  have  received  specimen 
pages  of  the  book  entitled  "Astronomy  by  Observation  *'  by 
Miss  Eliza  A.  Bowen,  Messrs.  D.  Appleton  &  Co.,  publishers. 
The  first  edition  of  this  book  was  published  in  1885,  if  we 
are  rightly  informed.  It  is  now  being  revised  and  the  speci- 
men pages  speak  well  for  the  new  edition. 


Himmel  und  Erde  is  the  name  of  a  comparatively  new 
monthly  publication  by  Dr.  M.  Wilhelm  Meyer,  of  Berlin, 
which  is  devoted  to  astronomy  and  kindred  sciences.  We 
have  as  yet  had  the  pleasure  of  seeing  only  the  April  num- 
ber. It  is  in  German,  with  the  English  letter,  small  quarto 
form,  neatly  illustrated,  and  has  a  scholarly  appearance 
every  way.  Its  leading  article  on  the  Norwegian  North  Sea 
Expedition  is  by  Professor  Dr.  H.  Mohn. 

Mr.  Ambrose  Swasey  of  the  firm  of  Warner  &  Swasey, 
makers  of  astronomical  instruments,  Cleveland,  Ohio,  is 
now  traveling  in  Europe.  He  first  visits  Paris,  then  spends 
five  or  six  weeks  in  a  circuit  through  Italy,  Switzerland  and 
Germany.  He  has  plans  for  visiting  all  the  observatories  he 
can  find  on  the  way,  to  make  special  studies  of  their  latest 
improvements  in  instruments.  He  will  return  about  Octo- 
ber first. 
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Observatory-  at  Kasan,  Russia.  By  the  courtesy  of  Pro- 
fessor D.  Donbiago,  the  Director  of  the  Observatorj'  it 
Kasan,  Russia,  the  Carleton  College  Observatory  librat? 
has  received  Tomes  I  (1885)  «nd  II  (1887)  of  the  observa- 
tions of  stars  de  la  zone  entre  75°  et  80^  decliaaison  boreak. 
The  Director  of  Carleton  Observatory-  extends  cordtel 
thanks.  ^^__^_^^^ 

Origin  of  the  Binary-  Stars  is  the  title  of  a  thesis  pre|>ared 
by  T.  J.  J.  See  of  the  Missouri  University,  Columbia,  Mo- 
The  gist  of  this  paper  is  to  show  that  the  general  theory  of 
cosmic  tides  by  Professor  G.  H.  Darwin  on  the  origin  of  the 
moon  is  sufficient  to  explain  the  origin  of  the  binarj-  stars. 
The  plan  of  the  paper  is  a  good  one. 


Latitude  of  Ann  Arbor  Observatory.  In  giving  the  rr- 
cently  determined  latitude  of  the  Observatory  at  Ann  Arbor, 
Michigan,  in  our  last  number  (p.  285),  we  inadvertently 
wrote  the  position  of  the  instrument  with  which  the  obser- 
vations were  made.  To  that  should  have  been  added  the 
difference  of  latitude  for  the  dome  of  the  Observato"' 
proper,  making  the  deduced  latitude  42°  16'  48".66.  The 
value  which  Professor  Watson  used,  we  believe,  was  42°  16' 
48". 3;  but  we  notice  the  Nautical  Almanac  has  42"  16* 
48". 0.  Mr.  Schaeberle's  opinion  heretofore  has  been,  as  we 
are  told,  that  48". 0  was  too  smalt.  Mr.  Estes  is  not  iti- 
formed  how  the  American  Ephemeris  came  to  have  the  lost 
named  value. 


The  June  Centary  Magazine  has  an  agreeable  surprise  for 
those  interested  in  astronomical  biography  in  an  illustrated 
article  entitled,  "An  American  Amateur  Astronomer."  writ- 
ten by  John  Eraser.  The  subject  of  the  sketch  is  S.  W,  Bum- 
ham,  astronomer  at  Lick  Observatory,  and  is  a  short 
account  of  some  of  the  excellent  work  for  astronooiy  dORC 
by  Mr.  Bumham.  mainly  at  leisure  moments,  while  regularly 
following  a  business  vocation.  The  article  is  a  good  one; 
we  wish  it  were  longer,  setting  forth  his  varied  studies  more 
in  detail. 


Profrssor  C.  S.  Hastings  of  the  Sheffield  Scientific  School, 
New  Haven,  is  now  spending  some  time  in  France  according 
to  plans  of  last  month. 
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Honor  for  B.  E.  Barnard,  The  degree  of  A.  M.  wa^  con- 
fcrred  upon  Mr.  E.  E.  Barnard,  of  the  Lick  Observatory,  by 
the  University  of  the  Pacific,  on  May  23, 1889,  in  recogni- 
tion of  his  services  to  astronomy  during  the  past  year.  It  is 
an  honor  well  deserved. 

BOOK  NOTICES.  ' 


A  Text  Book  of  General  Astronomy  for  Colleges  and  Scientific  Schools,  bv 
Charles  A.  Yonng,  Ph.  D.,  LL.  D.,  Professor  of  Astronomy  in  the  Col- 
lege of  New  Jersey,  (Princeton).  Boston:  Messrs.  Ginn  &  Compan3'. 
Publishers,  1889.    pp.  551. 

We  have  already  spoken  briefly  of  this  book,  but  by  no 
means  as  fully  as  it  deserves.  We  used  the  text  in  class,  in 
the  proof-sheet  form,  less  than  one  year  ago,  and  so  have 
tested  it  somewhat  in  the  place  it  was  primarily  designed 
to  fill.  From  knowledge  of  its  distinguished  author,  our 
expectation  regarding  the  merit  of  the  book  was  high,  and 
as  a  teacher,  and  careful  student  of  it,  we  have  been  disap- 
pointed by  it  in  no  important  particular. 

This  book  is  now  so  well  known  in  scientific  and  higher 
educational  circles  that  extended  notice  for  such  readers  is 
unnecessary.  What  we  may  say  of  it  is  intended  more  par- 
ticularly for  the  general  reader  of  the  Messbngbr  who  maj" 
not  have  had  his  attention  called  to  it  before.  To  such  we 
commend  it  as  one  of  the  few  books  in  behalf  of  astronom- 
ical science  that  should  have  place  in  every  library.  We 
think  so  because  it  contains  a  complete  setting  forth  of 
the  whole  field  of  modem  astronomical  science ;  because  it 
distinguishes  so  sharply  and  well  between  what  is  known  as 
fact  on  the  one  hand,  and  mere  fancy  or  theory  on  the  other ; 
because  the  spirit  of  the  book  is  that  belonging  to  true 
science,  and  not  dogmatism  or  irreverence,  and  because  its 
language  is  usually  so  plain  and  direct  that  the  reader  is 
unhindered  by  the  many  technical  terms  that  often  need- 
lessly encumber  books  of  this  kind.  Ripe  scholarship  has 
little  need  of,  or  small  use  for,  so  much  that  is  technical,  so 
called,  in  giving  general  instruction.  As  is  true  of  all  that 
Professor  Young  writes,  we  find  in  this  book  no  display  of 
rhetoric,  no  attempt  to  finish  sentences  nicely,  but  simply 
and  constantly  a  purpose  to  state  facts  and  principles 
plainly,  definitely,  and  in  exact  accordance  with  the  truth  as 
£eu:  as  that  is  known. 
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In  the  new  issue  of  this  book,  now  just  through  the  press, 
opportunity  has  been  taken  to  correct  a  number  of  errors 
and  misprints  that  were  detected  in  the  first  impression,  so 
that  in  detail,  the  work  of  this  book  is  abmirably  done, 
and  it  fully  deserves  the  hearty  reception  that  it  is 
everywhere  receiving*  We  are  also  pleased  to  say  that  the 
publishers  have  given  the  book  a  very  neat  and  substantial 
dress,  for  which  those  who  use  it  will  be  constantly  grateful. 

Astronomy  with  an  Opera-Glass.  A  Popular  Introduction  to  the  studj'  of 
the  Starry  Heavens  with  the  simplest  of  Optical  Instruments.  Vf  ith 
Maps  and  Directions  to  facilitate  the  recognition  of  the  constellations 
and  the  Principal  Stars  visible  to  the  naked  eye,  by  Garrett  P.  Scrviss. 
New  York :    Messrs.  D.  Appleton  &  Co.,  Publishers,  1888.  pp.  154. 

This  book  is  the  result  of  some  faithfal  work  to  bring  to- 
gether, in  useful  way,  a  series  of  celestial  objects  for  study  by 
the  aid  of  the  opera-glass.  It  is  intended  for  those  who 
have  not  the  advantage  of  more  powerfial  optical  instru- 
ments and  yet  who  desire  to  continue  observational  study  of 
the  heavens.  In  giving  attention  to  this  way  of  studying  as- 
tronomy Mr.  Serviss  has  done  real  service  to  the  science.  It 
is  helpful  to  the  beginner  to  know  how  to  select  a  good 
opera-glass  and  then  to  be  told  what  he  can  do  with  such 
an  instrument.  He  needs  help  just  at  this  point,  and  we 
may  be  sure  that  the  earnest  student  with  such  needed 
judicious  direction  will  find  his  way  onward  rapidly. 

This  book  contains  five  chapters  titled  respectively :  The 
Stars  of  Spring,  Summer,  Autumn,  Winter,  and  the  last,  the 
Moon,  Planets  and  the  Sun. 

The  text  is  a  description  of  the  constellations  with  appro- 
priate maps  presenting  to  the  eye  the  place  and  relation  of 
the  prominent  celestial  objects  to  which  attention  is  called. 
The  outlines  of  the  constellations  are  given  in  these  maps, 
but  not  the  figures  of  the  earlier  star  charts. 

One  of  the  best  things  about  this  book.is  the  fact  that  its 
author  has  made  observations  with  the  opera-glaas  of  all 
the  objects  he  describes,  and  so  speaks  definitely  of  what  he 
himself  has  seen.  In  this  day  of  large  telescopes,  humble 
workers  are  in  danger  of  forgetting  what  immense  strides 
in  astronomy  were  early  made,  by  the  aid  of  the  opera- 
^lass,  in  the  lands  of  Argelander,  or,  in  the  present  decade, 
in  the  study  of  the  variable  stars,  by  the  industrisous  Chan- 
dler. 
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CONDUCTED  BY  WM.  W.  PAYNE. 
Director  of  Carleton  College  Observatory,  Northfielo,  Minn. 

Vol.  8,  No.  8.  OCTOBER,  1889.  Whole  No.  78. 


THE  TOTAL  SOLAR  ECLIPSE  OP  JANUARY,  1889. 


WILLIAM    H.    PICKERING. 


For  The  Mcmbkorb. 

The  frontispiece  accompanying  this  number  is  from  a  neg- 
ative of  the  corona  taken  with  the  thirteen-inch  visual  pho- 
tographic telescope  belonging  to  Harvard  College  Observa- 
tory. No  enlargement  is  used  in  the  reproduction  which  is 
on  the  original  scale  of  42".4  to  one  millimeter.  It  is  so 
oriented  that  the  north  point  of  the  corona  is  towards  the 
bottom  of  the  picture,  the  middle  circle  of  declination  being 
nearly  parallel  to  the  edge  of  the  plate.  The  original  nega- 
tive was  taken  on  a  Seed  plate,  sensitometer  number  26, 
with  an  exposure  of  two  seconds.  It  was  taken  at  the  ex- 
treme end  of  totality,  and  the  sun  had  already  begun  to 
appear  around  the  western  limb  of  the  moon.  It  is  probable 
that  the  sun  came  out  only  a  minute  fraction  of  a  second 
before  the  exposure  was  closed,  as  otherwise  the  plate  would 
have  been  badly  fogged.  As  it  is,  no  trace  of  fog  appears 
upon  the  negative,  as  is  shown  by  the  perfect  transparency 
of  the  disc  of  the  moon.  On  the  other  hand  the  sky  around 
is  quite  brilliantly  illuminated,  the  field  of  the  telescope  ap- 
pearing as  a  well  defined  ring.  It  is  this  outer  structureless 
corona  which  furnishes  at  present  the  chief  impediment  to 
the  disproval  by  means  of  photography  of  the  existence  of 
any  considerable  bod^'  revolving  between  Mercury  and  the 
sun. 

It  is  also  on  account  of  this  diffuse  illumination  that  there 
is  no  advantage  to  be  gained  by  using  more  rapid  plates 
than  those  at  present  emploj-ed  for  this  class  of  coronal  pho- 
tography. If  the  inner  corona  really  does  extend  further 
out  from  the  sun  than  we  are  at  present  able  to  photograph, 
which  is   perhaps  doubtful,  we  shall  approach  nearer  its 
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using  plates  giving  greater  contrast,  not  greater 
sensitiveness.  Most  of  my  photographs  with  this  instru- 
ment were  taken  on  Carbutt  H  plates,  which  give  mach 
stronger  contrasts  than  the  Seed,  and  enable  one  to  make  a 
much  better  study  of  any  given  part  of  the  corona;  the 
short  exposures  being  suitable  for  the  inner  portions,  and  the 
long  exposures  for  the  outer.  But  for  a  general  view  of  the 
whole  corona,  one  needs  a  plate  giving  less  contrast,  but 
greater  range.  A  negative  taken  upon  a  Seed  plate  was 
therefore  employed  for  the  present  purpose. 

The  prominent  feature  of  this  corona  is  the  great  ring  of 
light  lying  nearly  in  the  plane  of  the  ecliptic,  whose  cross 
sections  we  see  to  the  east  and  west  of  the  sun.  This  has 
now  for  the  third  time  been  shown  as  characteristic  of  the 
sun  during  its  quiescent  state.  On  both  sides  this  ring  is 
seen  to  be  distinctly  cleft  into  two  portions,  a  northern 
and  a  southern  one,  the  dividing  notches  coinciding  aearlv 
with  the  sun's  equator.  On  the  original  negative  these  sec- 
tions are  seen  to  be  striped  by  curved  lines  and  rays,  whose  - 
general  direction  is  radial.  Some  of  the  stronger  of  these 
are  faintlyshown  in  the  reproduction.  After  the  double  ring 
the  most  prominent  features  of  the  corona  are  the  two  sets 
of  polar  rays,  some  of  which  in  the  northern  group  extend 
to  the  length  of  four  hundred,  thousand  miles.  These  rays 
are  fret[uently  slightly  curved,  being  convex  to  the  pole,  aad 
seem  to  radiate  from  two  points  on  the  polar  axis,  situated 
about  one  hundred  and  fifty  thousand  miles  below  the  sur- 
face. The  rays  furthest  from  the  pole  ore  in  general  the 
most  curved.  In  the  original  negative  one  can  see  the  chro- 
mosphere extending  around  the  western  limb  of  the  sua 
through  140°,  and  rising  three  thousand  two  hundred  miles 
above  its  surface.  Unfortunately  in  the  reproduction  this 
could  not  be  shown  at  the  same  time  as  the  outer  portions 
of  the  corona.  Several  protuberances  are  also  visijile  upon 
the  negative,  including  one  completely  detached  from  ibc 
limb. 

Twenty-nine  observers  were  occupied  in  manipulating  the 
different  instruments  at  the  time  of  the  eclipse,  and  the  same 
plan  of  organization  as  that  first  trie<i  at  Grenada  in  1886 
was  employed.  One  man  furnished  with  a  metronome  was 
charged  with  counting  seconds  for  the  rest  of  the  party,  be- 
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ginning  the  moment  he  received  the  signal  of  totality.  The 
other  observers  were  stationed  at  the  different  instruments, 
and  each  had  his  own  particular  piece  of  work  to  perform. 
Thus  the  plate-holders  were  inserted  in  the  thirteen-inch  tele- 
scope by  Mr.  E.  T.  King,  the  exposures  were  made  b3'  Mr.  E. 
Lehom,  the  seconds  were  counted  by  Mr.  Dexter,  and  the 
times  at  which  the  lens  was  capped  and  uncapped  were  re- 
corded by  Messrs.  Carter  and  Eilerman.  Finally,  the  plates 
were  developed  by  myself.  In  all  between  forty  and  fifty 
n^atives  were  secured,  which  will  furnish  enough  material 
for  many  months'  computation  and  study. 


THE    LICK    OBSERVATORY     EXPEDITION     TO    OBSERVE     THE 
SOLAR  ECLIPSE  OF  DECEMBER  az,  1889. 


EDWARD  8.    HOLDBN. 
For  Thb  Mbmbnobb. 

The  Editor  of  The  Sidereal  Messenger  has  asked  me  to 
contribute  a  full  statement  of  the  plans  which  will  be  fol- 
lowed in  the  observations  of  the  solar  eclipse  of  next  Decem- 
ber, and  I  am  very  glad  to  accede  to  his  polite  request.  '  The 
eclipse  of  last  January  was  observed  by  a  party  from  the 
Lick  Observatorv  and  the  results  there  obtained  seem  to  be 
both  interesting  and  important.  The  report  of  this  work 
has  been  in  type  for  some  time  and  will  shortly  be  in  the 
hands  of  those  interested.  Therefore  I  will  content  myself 
with  a  mere  reference  to  this  work. 

A  very  important  result  of  the  eclipse  observations  of  Jan- 
uary, 1889,  was  the  discovery  of  a  remarkable  extension  to 
the  outer  corona.  This  is  shown  on  the  negatives  of  the 
Lick  Observatorv  bv  Mr.  Barnard,  on  those  of  several 
of  the  California  amateurs  (especially  on  the  negatives  of 
Messrs.  Ireland  and  Lowden),  and  also  on  the  beautiful 
negatives  of  P.  Charroppin  who  was  attached  to  Professor 
Pritchett's  part\'.  It  is  presumably  shown  on  the  ad- 
mirable series  of  negatives  obtained  by  Mr.  Pickering  in 
charge  of  the  party  of  the  Havard  College  Observatory,  and 
very  likely  it  is  to  be  found  on  other  negatives  which  I  have 
not  seen. 

Its  existence  is  bevond  all  doubt.  Under  these  circum- 
stances  it  seemed  ver3'  desirable  to  attempt  to  secure  pho- 
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tographs  of  the  December  eclipse  with  the  principal  object 
of  tracing  this  new  extension  still  further  from  the  limb,  bat 
the  Lick  Obsen,-atory  was  not  in  a  position  to  incur  the  con- 
siderable expense  of  sending  a  special  esiJedition  to  South 
America,  and  so  the  plan  was  reluctanth-  given  up.  For- 
tunately our  situation  was  made  known  to  Hon.  Charles  F. 
Crocker,  a  regent  of  the  University  and  a  member  of  the  As- 
tronomical Society  of  the  Pacific.  Mr.  Crocker  at  once  vol- 
unteered to  personally  bear  the  expense  attending  such  an 
expedition  including  the  purchase  of  the  necessary  instru- 
ments, etc. 

This  generous  offer  has  made  it  possible  to  undertake  an 
expedition,  thoroughly  equipped  for  photographic  ojwra- 
tions.  The  regents  of  the  University  have  authorized  the  use 
of  any  of  the  portable  instruments  of  the  Lick  Observatory, 
and  have  also  given  a  leave  of  absence  to  Messrs.  Bumhant 
and  Schaebcrle  who  will  do  the  work.  Capt.  R.  L.  Phyth- 
ian.  U.  S.  N.,  Superintendent  of  the  Naval  Observatory,  has 
kindly  lent  us  one  of  the  six-inch  Dallnieyer  cameras  of  the 
Washington  Observatoni'.  and  Mr.  Blinn,  of  Oakland,  has 
also  aided  us  materially  by  the  loan  of  minor  apparatus. 
Before  obtaining  the  loan  of  the  U.  S.  N.  O.  camera,  we  had 
purchased  from  the  eclipse  fund  a  six-inch  Willard  portrait 
lens,  the  same  one  which  was  so  successfully  nsed  by  '. 
Ireland  in  January  last. 

The  objects  of  the  expedition  are,  in  the  order  of  imp 
ance: 

1st.  To  obtain  negatives  of  the  inner  corona  showing  all 
the  detail  possible  from  the  limb  outwards.  This  work 
will  be  done  by  Mr.  Bumham  with  our  6V4  inch  Ciark  tele- 
scope with  its  aperture  reduced  to  3  inches  (chemical  focus 
=  76.63  inches).  The  exposures  will  be  2,  5,  7,  XO,  25 
seconds  on  Seed  26  plates.  Two  of  these  plates  will  be 
standardized  to  permit  of  photometric  measures.  A  long 
dew-cnp  will  be  used  with  each  photographic  instrument  to 
exclude  atmospheric  glare. 

2d.  To  secure  photographs  of  the  extension  of  the  outer 
corona.  Mr.  Schaebcrle  will  do  this  work  with  the  six-inch 
U.  S.  N.  O.  camera.  At  least  four  Seed  26  plates  will  be  ex- 
posed for  10,  15,  20,  25  seconds  respectively.  Two  of  these 
will  l>c  standardized. 
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3d.  To  secure  a  photograph  with  a  small  camera  immedi- 
ately after  contact  III  on  a  standardized  plate  for  use  in 
measures  of  the  brightness  of  the  sky,  etc.  Mr.  Bumham 
will  expose  this  plate. 

After  the  eclipse  is  over,  the  astronomers  will  remain  at 
Cayenne  for  a  short  time.  We  all  know  what  to  expect  if 
Mr.  Bumham  has  a  6%  inch  Clark  telescope  at  his  disposition 
for  a  month  or  two,  in  a  field  as  uncultivated  as  the  southern 
sky.  Mr.  Schaeberle  will  utilize  this  time  to  carry  on  an  in- 
vestigation (already  begun  here)  on  the  photographic  at- 
mosphereic  absorbtion  from  the  zenith  to  70°  or  75®  Z.  D. 
He  will  also  be  able  to  determine  the  brightness  of  several 
of  the  more  important  southern  stars  in  terms  of  that  of 
Polaris. 

The  eclipse  photographs  will  (probably)  be  developed 
shortly  after  they  are  made  and  by  next  Christmas  Day,  at 
latest,  we  may  expect  to  hear  of  the  success  of  the  expedi- 
tion. If  the  day  is  clear  there  can  be  no  doubt  as  to  the 
results. 


THE  NEW  DEARBORN  OBSERVATORY. 


G.  W,  HOUGH,   DIRECTOR. 
F«r  The  Mbmbngbb. 

In  the  fall  of  1887  the  old  site  of  the  Dearborn  Observa- 
tory in  Chicago  was  abandoned,  and  the  instruments  trans- 
ferred to  the  Northwestern  University,  at  Evanston. 

The  new  building  is  a  gift  of  James  B.  Hobbs,  Esq.,  of 
Chicago,  and  was  erected  at  a  cost  of  twenty-five  thousand 
dollars.  The  new  location  is  about  sixteen  miles  north  and 
three  miles  west  of  the  old  site  in  Chicago. 

The  site  for  the  building  is  on  the  grounds  of  the  North- 
western Universitv  three  hundred  feet  from  the  shore  of 
Lake  Michigan,  and  the  same  distance  from  the  street. 

During  the  first  year  the  Repsold  Meridian  Circle  has  been 
temporarily  mounted  near  the  lake  shore.  The  usual  nadir 
observations  by  observing  the  image  of  the  wires  of  the 
Meridian  Circle,  when  directed  over  a  basin  of  mercury,  were 
made  a  number  of  times  each  week,  and  it  was  found  that 
such  observations  were  possible  at  all  times.  During  a  heavy 
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stonu,  however,  the  image  was  somewhat  ilistnrbcti,  but 
the  tremors  were  not  such  as  would  interfere  with  ordinary 
observations.  It  is  a  well  known  fact  that  one  of  the  most 
;inno ying  troubles  of  the  astronomer,  the  world  over,  is  the 
inability  to  make  nadir  observations  when  most  desired. 
At  the  old  site  of  the  Dearborn  Observaton,-,  as  well  ns  M 
Evanston,  nadir  observations  are  very  easily  made;  the 
freedom  from  disturbance  in  this  vicinity  is  undoubtedly  due 
to  the  fact  that  the  surface  soil  to  a  considerable  depth  i» 
composed  of  sand  and  gravel,  through  which  \'ibrationi 
not  readily  transmitted. 

The  plans  for  the  new  building  were  prepared  by  CobH 
Frost,  architects,  under  the  supervision  of  President  Joseph 
Cumniin^s,  and, before  being  adopted,  were  submitted  to  tbc 
building  committee,  consisting  of  James  B,  Hobbs,  Joseph 
Cummings,  J.  V.  Scammon,  and  Elias  Colbert,  and  every 
detail  was  carefully  considered.  It  was  the  aim  of  the  com- 
mittee  to  secure  a  building  which  should  have  architectn 
merit  and  at  the  same  time  be  well  adapted  for  s 
purposes. 

The  erection  of  the  building  was  in  charge  of  Dr.  J<^ 
Cummings,  who,  from  the  time  of  locating  the  site  until  i 
final  completion,   has  given   to  it  almost  daily  attention. 
The  successful  carrying  out  of  the  plans  is  largely  due  to  | 
constant  oversight. 

The  accompanying  wood-cuts  will  show  the  style  of  S 
tecture  and  the  arrangement  of  the  rooms.     The  exten 
of  rubble  limestone,  level  in  the  vertical  joints  and  horin 
lal  beds,   and   trimmed   with    tooled   and    carved    Bedford 
stone.     The  cornices  and  gutters  are  of  copper,  while  the  e 
tire  roof,  with  the  exception  of  the  dome,  is  covered   ' 
Akron  red  tile. 

The  building  is  eighty-one  feet  in  length  from  noil 
south,  and  its  greatest  breadth  is  seventy-one  feet.  Thci*fif 
«  cellar  extending  under  the  entire  building,  which  is  iised 
for  the  furnace,  batteries,  and  other  purposes. 

The  front  entrance  is  on  the  west  side,  and  commuDicatca 
with  H  spacious  hall-way  extending  through  the  bnildinj; 
from  west  to  east. 

On  the  southeast  side  is  the  meridian-circle  room,  26x35 
feet  in  size,  giving  ample  space  for  the  telescope  and  acccs- 
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sory  apparatus.  The  opening  in  the  meridian  for  making 
obsen-ations  is  three  feet  in  width  and  is  covered  by  three 
shutters,  which  are  counterpoised  in  every  position  so  that 
they  may  be  opened  and  closed  with  ease. 

The  counterpoise  for  the  meridian  shutters  is  secured  in  the 
following  manner  which,  so  far  as  I  know,  is  a  novel  device 
as  applied  to  observatories.  The  support  for  the  shutters  is 
elevated  eighteen  inches  above  the  level  of  the  roof  and  the 
rear  of  the  shutter  projects  a  like  amount.  On  the  under 
side  of  this  projection  a  sufficient  weight  of  flat  iron  bars 
is  bolted  to  nearly  balance  the  weight  of  the  shatter.  On 
the  under  side  of  the  shutter,  in  the  observing  room,  a 
single  knee-joint  is  attached  at  the  middle  of  the  shutters 
and  by  means  of  a  rope  fastened  to  the  knee-joint,  and  pass- 
ing over  a  pulley  the  shutter  may  be  elevated.  \\Tien  the 
shutter  is  raised,  the  arms  of  the  knee-joint  are  nearly  in  a 
straight  line,  and  hence  there  is  no  leverage  for  a  downward 
pull,  In  order  to  secure  the  necessary  leverage,  a  hinged  nnn 
is  attached  to  the  side  wall  of  the  opening,  being  held  nearly 
vertical  by  a  small  weight  when  the  shutter  is  open.  A  rope 
is  connected  to  the  shutter  and  arm,  allowing  about  two 
feet  of  slack  between  the  shutter  and  arm.  Now  a  down- 
ward pull  on  the  rope  throws  the  hinged  ami  nearly  at 
right  angles  to  the  slit  opening  liefore  the  pull  is  applied  to 
the  shutter  to  close  it.  The  ropes  for  opening  and  closing 
are  wound  in  an  eight-inch  drum  which  is  turned  by  an  irou 
hand-wheel  two  feet  in  diameter.  The  slack  in  one  of  the 
ropes,  due  to  the  motion  of  the  lever  arm  as  above  raeu- 
tioned,  is  taken  up  by  a  spiral  spring  pulling  at  right-angles 
to  the  motion  of  the  rope. 

The  shutters  are  wide  and  quite  heavy,  each  requiring 
about  four  hundred  and  fifty  pounds  of  iron  to  counterpoise, 
yel  it  requires  only  a  few  pounds  of  force  on  the  linnd- 
wheel  to  open  and  close  them. 

On  the  northeast  side  there  is  a  suite  of  three  rooms  for 
the  clucks,  chronographs,  and  minor  apparatus.  On  the 
northwest  side  are  two  rooms,  each  15  X  16  feet,  to  be  used 
for  offices  or  computing  rooms.  Between  the  east  and 
west  suite  of  rooms  before  mentioned  thtrtf  is  a  large  room. 
21  X  30  feet,  lighted  from  the  north  side,  and  fitted  up  for 
the  Ubrary. 
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The  north  half  of  the  buildin|2f  only  is  heated,  the  hall-way 
serving  as  a  barrier  to  the  heat  entering  the  observing 
rooms.  The  tower  for  the  great  equatorial  is  circular  in 
form  and  is  thirty-seven  feet  in  diameter  on  the  outside. 
The  walls  are  of  stone  and  are  carried  up  far  enough  so  that 
when  the  telescope  is  pointed  horizontally  no  portion  of  the 
building  will  obstruct  the  view.  The  top  of  the  ^all  is  sur- 
mounted by  a  layer  of  cut  stone,  twenty  inches  in  width  and 
ten  inches  in  thickness,  all  fastened  together  to  form  a  sub- 
stantial bed  for  the  dome. 
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GROUND   PLAN  OF  THE  NEW  DEARBORN  OBSERVATORY. 


The  observing  room  in  the  tower  is  reached  by  means  of 
two  flights  of  stairs. 

The  revolving  dome  is  34  feet  in  diameter  in  the  clear  and 
is  constructed  wholly  of  iron  and  steel.  As  there  are  some 
novel  features  pertaining  to  this  dome,  a  brief  description 
may  be  of  interest.  In  the  mounting  of  domes,  the  univer- 
sal method  has  been  to  rest  the  dome  on  balls  or  wheels. 
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between  tracks  above  riiul  below;  wlien  wheels  are  used, 
they  are  usually  set  in  a  ring  and  two  upper  and  two  lower 
tracks,  are  employed.  In  recent  years,  however.  Messrs 
Warner  &  Swasey.  of  Cleveland,  have  used  one  upi>er  and 
two  lower  tracks,  and  the  wheels  are  mounted  in  separate 
trucks,  which  are  connected  together,  In  our  dome  a  single 
upper  tratk  is  used,  which  rests  on  the  tops  of  stationary 
wheels.  There  are  sLrtcen  of  these  wheels,  sixteen  inches  in 
diameter,  and  the  axles  are  supported  on  anti-friction  cj'Hn- 
drical  bearings,  somewhat  similar  to  a  bicycle  bearing.  The 
method  is  ven.'  simple  and  also  oflfers  a  number  of  advan- 
tages over  any  other  method  hitherto  employed.  The  fol- 
lowing are  some  of  the  principal  advantages: 

1.  The  lower  double  track  is  dispensed  with. 

2.  The  live  ring  is  eliminated. 

3.  Each  support  and  wheel  are  independent. 

4.  Any  wheel  may  be  removed  for  repairs  or  adjusti 
without  disturbing  the  rest. 

5.  The  dome  may  be  leveled  in  a  few  minutes,  sbonl 
become  necessary  from  irregular  settling  of  the  wall. 

fi.    Great  stability  of  the  dome. 

The  upper  track  is  of  cast  iron,  twelve  inches  wide  and 
six  inches  deep,  made  in  twenty  sections.  The  surface  in 
contact  with  the  wheels  is  planed,  as  well  as  the  inside,  and 
the  sections  are  bolted  together  to  form  a  solid  ring,  the 
total  weight  of  which  is  about  three  and  one-half  tons. 
There  are  no  flanges  on  the  wheels:  the  dome  being  kept  in 
place  laterally  by  inside  anti-friction  guide  wheels,  bolted  to 
the  wall.  Each  truck,  for  supporting  the  wheels,  is  held  in 
place  by  two  bolts  inserted  in  the  top  of  the  wall,  and  the 
truck  is  also  provided  with  four  set  screws  for  leveling  up 
the  wheel. 

The  superstructure  is  wholly  of  iron,  the  ribs  are  of 
wrought  iron,  and  the  covering  is  of  numbers  20  nnd  22 
galvanized  iron-plate.  The  weight  of  the  moving  parts  of 
the  dome  is  about  ten  tons,  and  when  in  motion  it  requires 
n  direct  force  of  about  twenty-five  pounds  to  keep  it  going. 
It  is  rotated  by  a  crank,  with  rack  and  pinion,  the  dome 
moving  one-third  the  speed  of  the  crank.  The  ease  of  rota- 
tion is  all  that  could  be  desired,  since  the  dome  may  be 
turned  by  one  person  through  one  revolution,  or  113  feel,  in 


The  New  Dearborn  Observatory.  347 


one  minute.  When  started  at  the  ordinar}-  speed  one 
would  naturally  use,  it  will  travel  from  6  to  10  feet  bv  its 
own  momentum.  Although  16  wheels  are  used  under  the 
dome,  it  will  revolve  ecjually  well  when  every  alternate 
wheel  is  disconnected  by  lowering  the  truck. 

The  opening  for  observations  is  four  feet  in  width,  all  in 
one  place,  and  extends  from  the  horizon  to  two  feet  beyond 
the  zenith.  We  consider  this  arrangement  of  the  opening  of 
the  greatest  importance.  Any  one  who  has  had  experience 
in  the  use  of  a  large  equatorial  will  appreciate  the  conven- 
ience of  a  continuous  opening. 

The  principle  involved  in  the  construction  of  the  shutter, 
so  far  as  I  know,  was  first  applied  on  the  new  Greenwich 
dome,  viz.,  extending  the  shutter  over  the  whole  hemisphere. 
In  the  construction  of  our  shutter  we  have,  how^ever,  mate- 
rially modified  the  Greenwich  construction.  The  shutter  is 
entirely  disconnected  from  the  superstructure,  being  sup- 
ported at  the  base  of  the  dome  on  a  pivot  on  one  side  and  a 
track  on  the  other.  Immediately  after  its  erection  it  was 
found  that  there  was  some  lateral  sway  to  the  shutter, 
especially  during  a  high  wnnd,  and  to  cure  this  defect  a 
second  pivot  was  added  about  six  feet  above  the  base  of  the 
dome.  This  method  of  construction  is  found  to  give  suffi- 
cient lateral  rigiditv  to  the  shutter  without  interfering  with 
its  freedom  of  motion.  The  shutter  runs  on  anti-fHction 
wheels,  and  may  be  completely  opened  or  closed  in  less  than 
ten  seconds  with  a  direct  pull  of  about  ten  pounds. 

The  method  for  opening  and  closing  the  dome  shutter  is  as 
follows:  On  the  inside  of  the  dome  is  mounted  a  short  shaft 
which  carries  a  small  drum  and  a  V  pulley.  Wire  ropes  are 
attached  to  the  shutter,  and  after  passing  over  guide  pulleys 
are  wound  on  the  drum.  An  endless  rope,  having  a  loose 
pulley  and  half  pound  weight  at  the  lower  end,  hangs  over 
the  Y  pulley  in  the  inside  within  three  feet  of  the  floor.  An- 
other cord  is  fastened  to  the  spring  bolt  and  also  hangs 
within  reach.  The  spring  bolt  is  first  unlocked,  when,  by 
pulling  on  the  endless  rope  the  shutter  may  be  opened.  By 
this  arrangement  there  are  no  ropes  to  be  looked  after  when 
revolving  the  dome,  except  when  the  endless  rope  is  passing 
the  crank. 
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Considering  the  dome  as  a  whole,  and  taking  into  account 
its  ease  of  rotation,  combined  with  the  convenience  of  the 
shutter,  we  believe  it  will  rank  among  the  best  domes 
hitherto  constructed. 

The  foundation  of  the  equatorial  pier  is  a  bed  of  cement 
resting  on  clay  at  the  depth  of  15  feet  below  the  surface  of 
the  ground.  The  pier  is  circular  and  is  15  feet  in  diameter 
at  the  bottom  and  10  feet  at  the  top.  It  is  built  of  brick, 
hollow,  with  cross  walls  at  right  angles  through  the  center, 
and  is  entirely  disconnected  from  the  building.  The  top  of 
the  brick  column  is  covered  w*ith  three  stone  slabs,  nine 
inches  in  thickness,  on  which  is  placed  the  stone  pier  to 
which  the  great  telescope  is  attached. 

In  mounting  a  Meridian  Circle,  it  is  desira,ble.  if  possible, 
to  secure  unchanging  stability  in  the  instrument.  Any  in- 
strument which  is  liable  to  change  in  level  or  azimuth  a 
number  of  seconds  of  arc,  during  a  night's  work,  or  from 
one  day  to  another,  leaves  a  suspicion  of  uncertainty  in  the 
accuracy  nf  some  of  the  observations.  At  the  old  site  in 
Chicago,  the  Meridian  Circle  was  mounted  on  brick  piers, 
covered  with  wootl.  It  was  found  to  be  greatly  aflectetl  by 
temperature;  the  change  in  level  and  azimuth,  between  sum- 
mer and  winter,  amounting  to  more  than  twenty  seconds  of 
arc.  In  the  construction  of  our  new  pier  it  was  decided  to 
use  stone,  and  at  the  suggestion  of  Dr.  Cummtngs  a  cement 
or  artificial  stone  pier  was  constructed.  The  foundation  of 
this  pier  is  three  feet  helnw  the  floor  of  the  cellar.  The  pier 
is  rectangular,  8  feet  a  inches  in  length,  5  feet  in  width,  and 
about  10  feet  in  total  length.  On  account  of  its  great  mass 
it  will  not  readily  be  affected  by  sudden  changes  in  the  tem- 
perature. On  the  top  of  this  base  is  laid  a  stone  slab  8  feet 
in  length,  4  feet  in  width,  and  9  inches  in  thickness,  on 
which  rest  two  sandstone  piers,  each  weighing  about  two 
and  a  half  tons  on  which  the  meridian  circle  is  mounted. 

On  the  second  floor  of  the  building,  besides  the  room  in 
the  tower,  there  is  a  large  room  the  same  size  as  the  library, 
and  two  side  roams,  one  of  which  has  been  fitted  up  for  pho- 
tographic work.  The  interior  of  the  building  is  finished 
throughout  in  hardwood:  it  is  probably  one  of  the  most 
convenient  and  best  constructed  Observatory  buildings  in 
the  United  States. 
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AN  AUTOMATIC  RIGHT  ASCENSION  CIRCLE. 


LEWIS   SWIFT. 
For  Thb  Mbmbngbs. 


The  object  of  this  device  is  to  read,  directly  from  the  circle, 
the  R.  A.  of  an  object  already  reduced  to  any  desired  epoch, 
regardless  as  to  the  month  or  year  in  which  the  observation 
was  made,  or  of  even  the  error  of  the  sidereal  clock,  its  rate, 
during  the  hours  of  observation  only,  entering  as  a  function 
of  discordance,  all  that  is  required  of  the  clock  being  to 
make  and  break,  once  per  second,  the  connection  with  a 
galvanic  battery.  Three  kinds  of  clocks  are  employed,  viz: 
the  sidereal  by  Howard,  standing  in  a  niche  in  the  north  side 
of  the  pier  in  the  dome-room,  the  driving-clock,  and  two 
w^hich  I  shall  name  the  vernier-clocks,  one  of  which  (see  cut 
1)  is  now  both  propelled  and  controlled  in  the  usual  man- 
ner; the  other,  cut  (2),  is  controlled  by  a  sounder  connected 
electrically  with  the  sidereal  clock. 

For  several  years  I  had  used  an  arrangement  constructed 
on  similar  principles  as  the  one  about  to  be  described,  at- 
tached to  the  north  side  of  the  pier  just  above  the  sidereal 
clock  and  on  a  level  with  the  e^'e  (an  important  considera- 
tion), but  as  it  necessitated  the  use  of  a  somewhat  lengthy 
metallic  cord  braided  of  fine  brass  wires,  connecting  two 
equal  sized  pulleys,  one  on  the  polar  axis  of  the  telescope  and 
its  elasticity  causing  a  slight  error,  it  was  abandoned  as  a 
measuring  instrument  a  year  since,  though  still  employed  for 
finding  purposes.  The  present  method  was  then  substituted, 
and,  for  measuring,  leaves  nothing  to  be  desired,  though  less 
convenient  for  finding  as  a  short  ladder  has  to  be  climbed. 

The  original  has  been  more  fulh'  described  and  illustrated 
in  "The  Historj"  and  Work  of  the  Warner  Observatory-, '* 
Vol.  I,  a  cop3'  of  which  will  be  mailed  to  anj'  reader  desiring 
it,  but  as  that  is  now  devoted  to  finding  purposes  onl^-,  it 
becomes  necessar>'  to  briefly  explain  its  new  use  which  an 
inspection  of  Fig.  1  will  greatly  assist. 

On  the  cast  side  of  the  pier,  firmh'  screwed  into  its  wooden 
casing,  is  a  heav^*  bolt  not  seen  in  cut,  projecting  to  such  a 
distance  that,  when  the  brass  head  of  the  telescope  tube 
touches  it,  the  telescope  is  exactly  in  the  meridian.  This 
answers  as  a  pretty  accurate  transit  instrument.    In  fact,  it 


y.oU  The  Sidcrctit  Mcssetigvr. 

serves  to  correct  the  rate  of  the  sidereal  clock  whose  running 
is  so  satisfactory-  that  it  is  seldom  more  than  one  or  two 
seconds  in  error.  Suppose  it  be  desired  to  point  the  tele- 
scope on,  s.'iy,  l:i  Messier  (llie  clusLer  in  Hercules),  without 


the  trouble  of  seeking  a  setting  star,  or  of  twice  moving  the 
dome,  once  for  the  star  and  again  for  the  object  to  be  ob- 
served. The  telescope  is  brought  into  contact  with  the 
head  of  the  boll,  the  vernier  set  to  the  time  as  read  from 
the  clock  face  below  which,  if  correct,  is  given,  of  course,  the 
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R.  A.  of  the  meridian.  Now  the  little  clock  is  driving  the 
vernier  around  the  circle  at  the  same  rate  that  the  stars  are 
moving  around  the  sky,  and  the  hands  around  the  dial  face 
of  the  clock.  For  finding  the  object  sought,  it  matters  not 
what  the  R.  A.  of  the  meridian  is ;  it  is  sufficient  to  know 
that  the  reading  of  the  circle  gives  the  R.  A.  of  the  place  at 
which  the  telescope  is  pointing,  technically  called  the  line  of 
coUimation,  which,  if  the  vernier  clock  keeps  running,  it  will 
do.  The  R.  A.  of  the  cluster  being  I6/1  37m  42s,  the  eye-end 
of  the  telescope  is  pushed  too  far  out,  and,  with  eye  at  the 
vernier,  the  telescope  cord  is  gently  pulled  till  the  vernier 
reads  its  proper  R.  A.,  and  when  the  telescope  is  moved  to 
its  declination  the  cluster  will  be  fonnd  in  the  center  of  the 
field. 

Figure  1  shows  the  circle  (15  inches  in  diameter)  gradua- 
ted to  minutes  of  time,  the  verniers,  the  .toothed  wheel  on 
the  hour  arbor  of  tlie  vernier-clock,  the  sounder  which  con- 
troh  the  rate  of  the  verniers,  the  weight  (a  bottle  of  shot) 
which  propels  them,  the  switch  and  the  upper  portion  of  the 
sidereal  clock.  Since,  however,  this  was  discarded  for  meas- 
uring, a  common  clock  has  been  substituted  for  the  control 
sounder,  thus  dispensing  with  an  extra  set  of  batteries. 

DESCRIPTION  OF  THE  IMPROVEMENT. 

What  has  previously  been  said  will  greatly  assist  in  under- 
standing what  is  to  follow.  The  Mosstype  shows,  though 
not  as  clearly  as  desired,  the  invention  attached  to  the  polar 
axis  of  the  telescope,  thus  doing  away  with  one  source  of 
error,  the  yielding  of  the  metallic  cord  before  alluded  to. 
The  hours  on  the  circle  are  numbered  from  east  to  west  con- 
secutively from  OA  to  23h ;  and  also  the  zero  of  the  verniers 
had  to  be  shifted  to  likewise  read  in  the  same  direction.  The 
circle,  20  inches  in  diameter,  is  graduated  to  minutes  of  time, 
and  reads  by  verniers  to  single  seconds.  It  is  loose  on  the 
polar  axis  in  order  to  be  revolved  for  setting  to  the  R.  A. 
of  the  setting  star,  preferably  when  on  or  near  the  meridian, 
for  the  elimination  of  refraction  in  R.  A.,  but  is  firmly  held 
in  place  by  friction.  Between  the  hours  10  and  17  is  seen 
a  vernier,  and,  directly  opposite  the  other,  both  attached 
to  the  large  gear  (4)  having  480  teeth  cut  around  its  cir- 
cumference, into  which  a  pinion  with  twenty  teeth  on   the 
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hour  arbor  of  the  vernier-clock  (2)  engages,  which  causes 
the  attached  verniers  to  make  a  revolution  in  480 -i-  20=  24 
sidereal  hours.  If.  therefore,  a  meridional  siar  be  bisected 
by  the  meridional  wire  in  the  eye-piece,  and  the  circle  be  re- 
volved  that  one  vernier  shall  read  to  the  K,  A.  of  the  setting 
star  for  the  selected  epoch,  the  reading  will  constantly  and 
accurately  give  the  R.  A.  of  the  line  of  colliniation,  providing 
the  vernier  clock  runs  truly  and  the  circle  does  not  slip. 

In  front  of  the  lit- 

tie  clock  is  seen  a 
sounder,  to  the  vib- 
rating bar  of  which 
is  attached  an  arm 
connecting  it  with  a 
pi  n  w  heel  escapemen  t 
of  thirty  pins  to  the 
vernier  clock,  one  of 
which  is  released  at 
each  vibration  of  the 
armatue.  A  wooden 
wheel  (5)  is  bolted 
to  the  vernier  gear 
(4),  around  which  a 
cord  is  wound,  going 
over  pulley'  (7)  and 
others  to  a  weigh  C 
running  down  by  tlic 
side  of  the  driving 
clock  weight.  This 
is  the  propelling 
power  of  the  ver- 
niers, the  control 
being  the  electric 
sounder.  The  cord 
steadily  pulling  one 

way  allows  no  play  belwci-n  tin.'  icfm  i  rn'  iunc  cloi-k 
(called  a  double  spring  locomotive  clock)  is  substantinllr 
built;  the  escapement,  escapement  wheel,  and  hairspring 
were  removed,  and  the  previously  mentioned  pinwheel  sub- 
stituted, and  unless  the  sounder  ceases  to  vibrnte.  will  mn 
as  accurately  as  the  sidereal  clock  itself  with  which  it  is 
electrically  connected. 
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To  prepare  for  the  night's  work  I  proceed  as  follows :  The 
driving  is  started,  the  telescope  pointed  to  a  mean  time  al- 
manac star  for  1890.0,  say  Arcturus  (if  I  wish  to  work  on  a 
zone  having  a  north  declination  of  from  15°  to  25°)  whose 
R.  A.  for  that  epoch  is  14A  lOm  39s,  and  when  it  is  accurate- 
ly bisected  by  the  meridional  wire  in  the  eye-piece,  the  circuit 
with  the  battery  is  closed  by  the  switch,  the  ladder  ascended 
and  the  circle  revolved  to  read  14/i  lOin  39s,  all  of  which  re- 
qnires  but  a  moment. 

The  sounder  is  worked  by  a  battery  of  three  gravity  cups. 
Formerly  the  break  wheel  in  the  sidereal  clock  had  but  29 
teethy  one  of  the  30  having  been  cut  otit  to  cause  the  circuit 
to  be  broken  at  the  58th  second,  which  also  necessitated  the 
use  of  29  pins  in  the  escapement  of  the  vernier  clock,  causing 
a  alight  error  at  the  latter  portion  of  each  minute.  This 
Yran  corrected  by  replacing  the  cut-away  tooth,  and  using 
an  escapement  of  thirty  pins. 

I  hope  the  above  explanation  and  description  will  make 
the  matter  intelligible  to  the  readers  of  The  Sidereal  Mes- 

8BKGBK. 

The  celerity  and  accuracy  with  which  the  R.  A.  of  a  nebula 
can  be  obtained  already  reduced  to  any  desired  epoch,  is  sur- 
prisiag,  saving  a  vast  amount  of  valuable  time  which,  in  a 
ckmdy  country  like  this,  cannot  be  overestimated. 

Warner  Observatory,  July  20, 1889. 


THE  SOLAR  CYCLE. 


R.   W.  McFARLAND. 
For  Thb  Mbmengbb. 

The  meaning  intended  to  be  conYe3'ed  by  Herschcl,  in  the 
extract  referred  to  by  Professor  Swift,  June  Messenger,  I 
would  express  in  the  following  terms:  ** After  a  lapse  of 
twentj'-eight  years  the  order  of  the  days  of  the  week  and  the 
days  of  the  month  will  be  the  same/*  or,  **in  twenty-eight 
years  all  possible  changes  in  the  days  of  the  week,  as  applied 
to  any  month,  will  have  occurred,  and  then  the  same  order 
will  be  repeated."  And  anv  dav  of  anv  month  must  there- 
fore  come  at  least  once  on  Sunday,  or  Monday,  etc.,  in 
twent3'-eight    3'ears: — for    example,    the    twenty-ninth    of 
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February  occurs  on  Sunday  only  once  in  twenty-eight  years. 
It  occurs  also  once  on  each  of  the  remaining  days  of  the 
week. 

The  solar  Cycle  is  the  product  of  four,  the  interval  from 
one  leap  year  to  the  next,  and  seven  the  number  of  days  in 
a  week ;  and  was  made  by  the  chronologists  many  centuries 
ago  for  the  ecclesiastical  calendar.  Were  it  not  for  the  extra 
day  in  leap  year  all  possible  variations  of  the  days  of  the 
week,  as  related  to  any  given  day  of  the  month,  would  take 
■  place  in  seven  years. 
Everybody  knows  that 
ordinarily  the  year  be- 
gins and  ends  on  the 
same  day  of  the  week. 
It  follows,  as  a  matter 
of  course,  that  the 
next  year  begins  one 
day  later  in  the  week, 
but  the  year  following 
leap  year  begins  two 
days  later,  and  it  is 
this  extra  day  which 
requires  four  times  the 
cycle  of  seven  in  which 
to  make  ail  possible  ^""iH i7th"L^i^lll^^JtllT''' 
variations. 

The  law  of  the  succession  can  be  very  prettily  shown  in 
the  following  waj- :  make  a  circle  of  any  convenient  size, 
mark  the  circumference  off  into  seven  divisions,  as  in  the 
diagram.  Set  Sunday  at  the  top,  and  the  other  days  of  the 
week  in  order  towards  the  right.  Extend  the  radii  through 
the  several  divisions.  Knowing  that  the  29th  of  February 
occurred  on  Wednesday  in  1804,  set  the  number  four  on  the 
radius  passing  through  Wednesday.  Then,  since  in  four 
years  the  first  day  of  January,  or  any  day  of  any  month, 
goes  forward  five  days  of  the  week,  the  29th  will  go  fi*om 
Wednesday  to  Monday,  It  amounts  to  the  same  thing  to 
say  that  it  goes  backward  two  days,  i.  e.,  from  Wednesday 
to  Monday.  Each  successive  period  of  four  years  will  show 
the  like  result.  Beginning  at  Wednesday  draw  a  left-handed 
spiral ;  on  the  Monday  radius  set  8  for  the  year  1808 ;  pass- 
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ing  again  2  to  the  left  and  the  year  1812  is  marked  12  on 
the  Saturday  radius,  and  so  on  for  the  century.    But  as 
1900  is  not  a  leap  year  we  stop  at  96, 
The  following  facts  are  apparent  on  inspection : 


DiACBAW  op  THE   Pot'RTH   OF  Jl'LY  UI'RING   THE  CENTURY. 

1st.  That  there  is  a  lapse  of  twenty-eight  years  from  the 
time  the  twenty-ninth  falls  on  Sunday  before  it  again  falls 
on  that  day ;  and  similarly  for  the  other  days. 

2d.  That  the  29th  of  February  falls  3  times  on  Sunday  in 
this  century,  4  times  on  Monday,  3  times  on  Tuesday, 
4  times  on  Wednesday,  3  times  on  Thursday,  3  times  on 
Friday,  and  4  times  on  Saturday.  The  same  thing  will 
be  repeated  in  the  next  centniy. 
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In  like  manner  for  any  day  of  any  year,  say  the  4th  of  July, 
make  a  circle  arid  set  in  the  davs  of  the  week  as  before ;  then 
as  the  4th  day  of  July  was  Saturday  in  1801,  mark  1*  on 
the  Saturday  radius.  In  1802  the  4th  was  on  Sunday,  place 
2  on  the  Sunday  radius ;  3  on  Mondaj^  and  4  on  Wednes- 
day, because  the  29th  of  February  had  pushed  the  day  one 
further  along  in  the  week.  I  should  have  stated  that  the 
spiral  should  run  in  the  same  direction  as  the  days  of  the 
week, —  right-handed  in  this  case.  It  will  require  17  or  18 
spires  for  the  century.  The  cut  on  the  preceding  page  shows 
the  arrangement  here  suggested,  and  one  notices  that  the  4tb 
does  not  fall  at  intervals  of  28  years  strictly  as  does  the  29tli 
of  February,  but  that  at  one  time  there  is  an  interval  of  11 
years  followed  immediately  by  another  of  6  years,  thcuone 
of  5,  then  one  of  6,  the  sum  being  28,  and  then  the  11  jMr 
period  comes  on  again.  The  same  rule  holds  for  all  the  dajs 
of  the  common  year  of  365  days.  Of  course  it  is  the  nttCll^ 
matical  relation  existing  between  the  natural  nnmbers  ifraai 
arranged  in  spires  of  7  spaces,  and  a  skip  is  made  oace  ill  4. 
There  is  no  mystery  about  it,  and  when  the  series  of  xnun- 
bers  is  put  down  as  here  suggested,  the  whole  order  is  pat- 
ent on  the  simplest  inspection. 

It  is  further  seen  that  28  is  the  smallest  number  of  jrears 
which  will  accomodate  the  29th  of  February  and  the  reason 
w^hy  28  is  the  solar  cycle  is  readily  seen. 

Oxford,  Ohio,  Aug.  1889.^ 


THE  DOUBLE-STAR,  26  DRACGNIS  (596a) 


S.  W.    BURNHAM. 


For  The  Mksskncjkr. 

This  star  was  discovered  to  be  double  with  the  18^1f-inch 
refractor  of  the  Dearborn  Observator3'.  It  seemed  quite 
certain  that  it  would  prove  to  be  an  interesting  physical 
pair  from  the  fact  of  the  large  proper  motion  of  the  princi- 
pal star.  This  is  given  b^^  Argelander  as  0".582  in  the  di- 
rection of  152°. 2.  It  was  obvious,  if  the  new  component 
was  fixed  in  space,  or  did  not  share  this  movement,  that  at 
anv  time  more  than  half  a  dozen  years  before  its  discovery 

•  Omitted  in  cut  by  mistake  of  the  cnjfraver. 
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iie  two  stars  would  have  formed  an  easy  pair  which  cnuld 
Ot  have  well  escaped  detection.  In  1881  I  made  another 
of  measures  with  the  liiVit-inch  at  the  Washburn  Obser- 
atory  and  this  showed  conclusively  that  both  stars  had 
fce  same  proper  motion,  and  also  that  there  was  some  or- 
bital motion.  A  recent  set  of  measures  here  with  the  36- 
inch  shows  a  decided  change  in  both  angle  and  distance.  It 
is  now  much  more  difficult  and  is  likely  to  be  soon  lieyond 
the  reach  of  all  ordinary  telescopes. 

If  the  stars  were  of 
nearly  the  same  mag- ' 
iiitude,  there  would  be 
no  difficulty  in  follow- 
ing the  companion 
much  nearer  the  prinia- 
r_\-  with  a  moderate 
ajjerture.  but  as  the 
large  star  is  about  5V4 
magnitude  iind  the 
other  only  10  or  11,  it 
makes  a  difficult  pair 
when  the  distance  is 
much  under  1".  Ap- 
parently in  two  or 
three  years  mbre,  it 
will  test  the  power  of 
the  great  telescope. 

With   the  exception 
of    a    single    observa- 
tiou  at   Cincinnati  in 
■79.  the  foUowinKareall  the  measures  down  to  this  time: 
1879.97  ISr.S  1".37  ,i        in 

1881.53  148  .1  1    .31  ,i         3n 

1889.42  130  .1  0  .95  ,*        4n 


I  These  measures  are  carefully  platted  to  scale  on  the  ac- 
lompanying  diagram.  The  direction  of  the  proper  motion 
I  indicated  by  the  arrow.  It  is  desirable  that  measures  be 
of  this  pair  by  observers  having  sufficient  optical 
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MEETING  OF  THE  ASTRONOMICAL  SOCIETY  OF    THE  PACIFIC. 


The  Astronomical  Societj-  of  the  Pacific  met  in  the  library 
of  the  Lick  Observatory  on  July  27th,  with  a  good  at- 
tendance of  meralrers.  It  was  announced  that  the  report  of 
the  observations  of  the  solar  eclipse  of  last  January,  now 
being  printed  by  order  of  the  Regents  of  the  State  Univer- 
sity, had  reached  page  sixty,  about  one-third  of  the  volume. 
It  contains  reports  from  more  than  150  persons,  distributed 
at  twenty-five  different  observing  stations.  Hon.  0.  F. 
Crocker  has  offered  to  bear  the  expenses  of  an  expedition 
from  the  Lick  Observatory  to  Cayenne,  South  America,  next 
December,  and  it  is  expected  at  that  time  to  confirm  and  ex- 
tend some  of  the  discoveries  made  at  the  last  eclipse.  -The 
announcement  was  also  made  that  Hon.  Joseph  A,  Donoboe 
of  Menlo  Park  had  founded  a  medal  for  the'  discovcn,'  of 
comets  and  had  provided  a  permanent  fund  for  the  purpose. 
This  gift  was  gratefully  accepted  by  the  Society. 

There  were  too  many  papers  presented  to  allow  all  of 
them  to  be  read,  and  accordingly  some  were  postponed  till 
the  next  meeting.  The  papers  read,  either  by  title  or  in  fall, 
were:  On  the  possibility  of  photofrraphing  the  corona  in 
(iill  sunshine,  by  Mr.  Keeler;  on  the  orbit  of  the  comet  Bar- 
nard {June  23d),  by  Mr.  Leuschner;  on  the  occultations  of 
Jupiter  to  l)e  expected  in  1S89,  by  Mr,  Hill;  on  a  photo- 
graph of  the  Milky-Way  near  Jupiter,  taken  on  the  Z+th 
inst.,  with  one  hour  and  forty-eight  minutes  exposure,  by 
Mr.  Barnard  (this  beautiful  picture  was  exhibited  to  the 
meeting) ;  on  the  real  shape  of  the  nebula:  in  which  \ve  see  a 
spiral,  by  Professor  E.  S.  Holden.  The  latter  paper  was  the 
longest  one  of  the  evening,  and  will  be  printeri  in  the  publi- 
cations of  the  society  in  full.  Its  purpose  is  to  show  the  real 
shape  of  the  so  called  spiral  nebulie  in  the  space  of  three 
dimensions  as  deduced  from  their  apparent  shape  as  pro- 
jected in  two  dimensions  on  the  background  of  the  sky. 
This  is  a  problem  that  has  had  no  solution  up  to  this  time 
and  it  is  one  that  has  important  bearings,  not  only  on  the 
question  of  the  construction  of  the  spiral  nebuls,  but  also 
upon  the  much  larger  question  of  the  constitution  of  the 
solar  system  and  of  the  universe  as  a  whole. 
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The  following  persons  were  elected  to  active  or  life  mem- 
bership at  the  meeting :  Ex-United  States  Senator  James  G. 
Fair,  Robert  D.  Fry,  Rudolph  E.  Voight,  D.  P.  Belknap, 
Mrs.  Wm.  Alvord,  Alexander  Montgomery,  Mrs.  Alexander 
Montgomery,  John  Partridge,  Dr.  George  C.  Pardee,  Miss 
Fidelia  M.  Jewett,  Miss  L.  J.  Martin,  Lester  L.  Robinson,  A. 
B.  Forbes,  John  R.  Spring,  Judge  John  H.  Boalt,  Robert  M. 
White,  Horace  L.  Hill,  Joseph  G.  Lavery,  Dr.  W.  B.  Leavitt, 
Dr.  L.  L.  Dunbar,  Charles  Webb  Howard,  John  Perry,  Jr., 
Dr.  M.  J.  Sullivan,  Darius  Ogden  Mills,  Captain  Charles 
Goodall,  Adam  Grant,  Joseph  D.  Grant,  Arthur  W.  Foster, 
all  of  San  Francisco,  Cal. ;  Hon.  Alfred  L.  Tubbs,  J.  Mc- 
Clymonds,  Charles  G.  Yale,  George  N.  Strong,  ex-Governor 
George  C.  Perkins,  J.  C.  Bullock,  of  Oakland,  Cal. ;  Charles 
R.  Tisdal,  of  Alameda,  Cal. ;  Charles  W.  Friend,  of  Car- 
son  City,  Nev. ;  C.  H.  Clement,  of  Livermore,  Cal. ;  United 
States  Senator  John  P.  Jones,  of  Nevada;  Henry  B.  Alvord, 
of  San  Jose,  Cal. ;  and  Senor  Felipe  Valle,  Senor  Manuel  G. 
Prieta,  Director  Angel  Anguino,  Fcodora  Quintano,  Camillo 
Gonzales,  Francisco  Rodrigues  Rey,  of  the  National  Obser- 
vatory at  Tacubaya,  Mexico. 

After  the  adjournment  of  the  society  the  members  looked 
at  the  various  objects  of  interest  shown  by  the  astronomers 
of  the  Observatory,  and  then  a  portion  returned  to  the  Smith 
Creek  Hotel  to  sleep,  while  the  rest,  as  many  as  possible, 
were  entertained  by  the  astronomers  on  the  mountain.  The 
affairs  of  the  society  are  in  a  most  prosperous  condition 
•owing  to  the  great  interest  taken  in  its  progress  by  the  mem- 
bers. It  is  essentially  a  Society  for  amateurs,  and  desires  to 
include  in  its  membership  every  person  in  California  who 
takes  an  interest  in  astronomy,  whether  he  has  made  studies 
in  this  direction  or  not.  Several  ladies  are  already  members. 
The  dues  are  $5  per  year,  and  there  is  no  initiation  fee.  Life 
membership  is  $50.  Its  publications  are  sent  to  every  mem- 
ber, and  three  of  its  six  meetings  are  held  in  San  Francisco. 
The  scope  of  the  society  is  defined  so  that  it  can  have  no 
possible  rivalry  with  any  other.  Its  sole  object  is  to  forward 
the  study  and  the  science  of  astronomy. 

The  medal  offered  by  Hon.  Joseph  A.  Donohoe  of  Menlo 
Park  is  to  be  given  to  the  first  discoverer  of  every  unex- 
pected comet  and  to  the  first  person  making  a  precise  obser- 
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vation  of  a  telescopic  periodic  comet  at  any'  one  of  its  ex- 
Ijected  returns.  This  medal  is  intended  solely  as  a  recogni- 
tion of  merit  and  to  commemorate  the  discovery,  and  is  not 
designed  in  any  sense  as  a  reward.  The  astronomer's  reward 
consists  in  the  discovery  itself.  Mr.  Donolioe  also  offered 
the  gift  of  a  fund  sufficient  to  maintain  such  a  medal  in  per- 
petuity from  and  after  January  1,  1890,  The  Society  will 
proceed  to  give  practical  effect  to  the  offer  by  the  establish- 
ment of  the  medal  and  by  the  fixing  of  the  regulations  for  its 
bestowal.  No  application  for  the  award  of  the  medal  is 
required.  It  will  be  given  as  a  matter  of  course  to  the 
acknowledged  discoverer  of  a  new  comet.  It  is,  however, 
prescribed  that  a  letter  should  be  addressed  to  the  director 
of  the  Lick  Obser\'ator\',  which  communication  must  con- 
tain all  the  particulars  of  the  first  observation. 

Such  medals  as  this  are  given  by  various  scientific  societies 
and  academies,  both  in  America  and  abroad,  and  they  serve 
as  interesting  and  valued  mementos  to  theic  possessors,  as 
incentives  to  the  younger  generation  of  astronomers  and  a 
series  of  landmarks  in  the  history  of  scientific  progress.  The 
full  conditions  on  which  the  awards  will  lie  made  will 
shortly  be  printed  in  the  various  scientific  journals  and  the 
publications  of  the  Astronomical  Society  of  the  Pacific, 
where  they  can  be  found  by  those  interested. 

Lick  Observatory,  Jnly  28, 1889. 


ON   THE  COMPANIONS  TO  COMET  d   1889  (BROOKS). 


.   ASTfiONOMEl 


I 


Since  the  discovery  of  a  group  of  companions  to  the  grcot 
comet  of  1882  [see  A.  N.  2+89]  1  have  been  impressed  with 
the  idea  that  other  comets  may  be  attended  by  companions 
which,  from  their  faintness,  or  from  a  failufe  to  search  for 
them,  maj'  escape  d^scover^■.  I  have  therefore  examined  the 
immediate  neighborhood  of  all  comets  since  then  in  the  hope 
of  finding  such  companions. 

The  12-inch  telescope  being  out  of  order,  it  was  npt  pos- 
sible to  observe  Brook's  comet  with  it  after  the  July  moon 
until  the  night  of  August  1,  when  I  observed  the  comet  for 
position.    While  examining  the  region  about  the  head  of  the 
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comet  on  this  date,  I  detected  two  small  nebulous  bodies  fol- 
lowing the  head,  but  preceding  the  comet  in  space.  The 
nearest  of  these  was  suspected  to  be  a  companion;  its 
distance  and  position-angle  were  therefore  measured  from 
the  nncleus.  The  second  morning  showed  that  both  objects 
were  moving  with  the  comet,  and  therefore  were  compan- 
ions.   These  objects  I  have  named  B  and  C. 

On  Aug.  3,  these  were  examined  with  the  36-iflch  equato- 
rial, which  showed  the  whole  group  very  beautifully.  Each 
of  the  companions  had  a  very  small  nucleus  and  condensa- 
tion in  a  very  small  head,  and  a  short,  faint  tail,  presenting  a 
perfect  miniature  of  the  larger  one,  which  was  pretty  bright 
and  well  developed,  with  small  nucleus  and  slightly  fan- 
shaped  tail  H''  long.  There  was  then  absolutely  no  nebulous 
connection  with  the  larger,  nor  has  there  been  at  any  time 
since,  either  in  the  12-inch  or  in  the  36-inch  telescope.  Noth- 
ing whatever  has  been  seen  here  of  the  nebulous  envelope 
spoken  of  by  the  Vienna  observers  as  apparently  enclosing 
the  whole  group  [A.  N.  2914].  I  have  from  the  first  care- 
fully looked  for  a  nebulous  connection.  Under  unfavorable 
circumstances  the  tails  of  B  and  C  might  be  imagined  to  be 
a  connecting  nebulosity,  but  the  tail  of  B  falls  short  of  A 
and  that  of  C  does  not  nearly  reach  B.  Each  comet  is  in  ap- 
pearance absolutely  independent  of  the  other.  The  tails  of 
all  three  have  lain  in  the  line  of  the  nucleus  of  i4,  and  there- 
fore have  not  sensibly  deviated  from  the  position-angle  241.° 

On  August  4  two  other  companions  were  detected  with 
the  great  telescope,  one  of  which  was  measured,  the  other 
being  too  elusive  to  place  the  wires  on.  I  have  numbered 
these  four  companions  B,  C,  D,  E,  in  the  order  of  increasing 
right  ascension,  A  being  the  larger  comet,  D  and  £  being  the 
two  last  discovered.  The  position  oi  D  Aug.  4,  referred  to  C 
was :  distance,  78'M8 ;  P.  A.,  23°. 3.  D  has  been  seen  several 
times  since  the  moon  withdrew,  but  has  always  been  too 
faint  to  observe;  it  has  not  sensibly  changed  its  position. 
E  has  only  been  seen  once ;  its  position-angle  referred  to  C 
would  be  the  same  as  that  of  D,  and  its  distance  twice  as 
great.  Four  or  five  other  nebulous  bodies  observed  near  the 
comet  Aug.  2  have  not  since  been  seen,  and  were  probably 
nebulous. 


'-"  -totvri™  »--rf *e  distance  «o-  A  ^^,„^ 

°  Aug.  3  to  ^;«,,\*  „g.  24.  "=^8-  ■^;,y  „„„  «V.P«»'  '° 
reference  to  tl«  nv.  ^^^  ^         ^^    ^^^„ ^^   6^.(j 


28    AB     'o 


-  fSt  '^- 


A."S-    ^    '^  R    73   .2'i    63  .'!  ^^^^  the 

36-tacV.eq»='»"'''-  — ^^ 
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In  hopes  that  it  may  be  possible  to  determine  the  mass  of 
this  cometary  system,  I  have  made  careful  micrometric 
measures  on  every  niia^ht  possible,  and  these  measures  will 
be  kept  up  as  long  as  the  companions  can  be  seen. — Astron- 
omical Journal  No.  202. 

Mt.  Hamilton,  Aug.  29, 1889. 


COMET  BROOKS  (d  1889). 


WILLIAM    R.    BROOKS. 
For  The  Mbmbnobk. 

Clouds  and  moonlight  prevented  observations  of  the  new 
comet  discovered  by  me  on  July  6,  from  July  9th  to  July  21st, 
but  on  the  latter  date  I  set  the  10-inch  equatorial  to  the 
place  I  had  computed  the  comet  to  be  from  its  rate  and  direc- 
tion of  motion,  and  had  it  at  once  in  the  field.  The  approx- 
imate place  was  July  21, 13  hours;  R.A.  23h  57m  50s;  decl. 
south  7°48'.  I  found  the  comet  considerably  brighter  than 
at  discovery.  The  tail  was  more  conspicuous,  and  at  the  ex- 
treme front  of  the  head  was  a  stellar  nucleus. 

July  23. — The  apparent  motion  is  exceedingly-  slow,  the 
place  of  the  comet  this  morning  at  14  hours  being  R.  A.  23J!i 
59in  20s;  decl.  south  7°  38'. 

The  comet  is  brighter,  and  the  tail  broader  and  longer. 

Aug.  7. — Good  view  of  the  comet  this  morning,  the  air  be- 
ing much  clearer  than  for  some  time  past.  The  nucleus  is 
elongated  in  a  line  with  the  axis  of  tail.  I  see  distinctly  one 
of  the  fragments  reported  by  Barnard,  thrown  off  from  the 
comet,  just  in  front  of  the  head.  It  has  also  a  very  faint 
tail.  I  also  suspect  another  just  below  the  first.  But  con- 
siderably larger  and  more  distinct  than  the  latter,  I  see  an- 
other fragment  which  has  evidently  drifted  backwards  over 
the  tail  of  the  main  comet,  and  is  now  near  the  end  of  the 
same  as  if  immersed  in  it. 

Aug.  28.— The  comet  at  midnight  is  in  R.  A.  OA  6m;  decl. 
south  5°  59'.  How  slow  it  moves!  Nearly  two  months 
since  the  discovery,  and  yet  it  is  only  four  wide  fields  distant 
from  the  place  of  discovery.  The  brightness  is  about  the 
same  as  at  last  observation,  and  the  comet  does  not  appear 
to  have  lost  anything  by  the  companions  it  has  thrown  off. 
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Dr.  K.  Zelbe  in  Astro.  Nach.  has  computed  elliptical  ele- 
ments with  a  period  of  12H  years,  Mr,  Chandler  in  his  first 
elements  suggested  its  probable  short-period  character. 

Smith  Observatory,  Geneva,  N.  Y.,  Sept.  10, 1889. 


CURRENT   INTERESTING   CELESTIAL   PHENOMENA. 

THE   PLANETS. 

Mercurr  will  be  at  inferior  conjunction  with  the  snn 
15,  being  then  a 
degree  and  a  half 
south  of  the  sun, 
so  that  no  transit 
will  occur.  Dur- 
ing the  greater 
part  of  themonth 
he  will  be  too  near 
the  sun  for  favor- 
able observation. 
On  the  morning 
of  Oct.  31  he  will 
be  at  greatest 
elongation,  18^ 
43'  west  from  the 


hour  and  a  half 
earlier  than  the 
latter.  Threedays 
later  MercurT,'  and 
Uranus  will  be  in 
conjunction,  the 
distance  between 
them  being  1'45  , 
coming  within  the 
diameter  of  field 
of  an  ordinary 
finder.  Here  will 
be  a  good  oppor- 
tunity to  compare 
two  planets. 


the  colors  and  relative  brightness  of  the 
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Venus,  having  passed  the  conjunction  with  Saturn  and 
Mars  in  Leo  near  Regulus,  proceeds  eastward  through  Leo, 
entering  Virgo  Oct.  14,  passing  close  to  the  stars  /?,  rj,  ^,  and 
d  of  the  latter  constellation,  and  coming  to  conjunction 
with  Uranus  Nov.  9,  at  1  p.  m.  On  the  mornings  of  Nov.  2, 
3,  and  4,  the  planets  Venus,  Mercury  and  Uranus  will  form 
an  interesting  group  with  the  brilliant  star  Spica.  About 
nine-tenths  of  the  disc  of  Venus  is  illuminated,  and  its  brill- 
iancy is  about  one-third  of  that  which  it  had  in  March  of 
this  year. 

Mars  follows  Venus;  but  at  a  slower  pace,  from  Leo  into 
Virgo,  and  may  easily  be  found  in  the  morning  a  little 
higher  up  than  Venus,  almost  on  a  line  between  Venus  and 
Regnlus.  Recent  numbers  of  UAstronomie  contain  an  ex- 
tensiYe  article  by  the  editor,  C.  Flammarion,  on  **  Changes 
Actuany  Observed  on  Mars.**  The  author  illustrates  the 
aitick  by  a  large  number  of  well  engraved  and  presumably 
aocnrate  copies  of  drawings  by  various  observers  from 
Hoyghens,  1659,  to  Schiaparelli,  1888.  For  this  collection  of 
drawings  the  article  is  an  extremely  valuable  one,  although 
wc  may  doubt  somewhat  the  accuracy  of  the  drawings 
theoMelves,  and  so,  in  some  particular,  the  conclusions 
which  the  author  draws  from  them.  The  conclusions  are  as 
follows: 

1.  "There  are  on  the  globe  of  Mars  permanent  spots 
which  must  represent  seas,  lakes,  streams,  marshes,  etc. 

2.  "  These  spots  are  permanent ;  they  are  seen  in  our  time 
in  the  same  places  where  they  were  observ'ed  in  the  seven- 
teenth and  eighteenth  centuries. 

3.  "However,  while  on  the  whole  permanent,  they  are  not 
invariable.  They  change  in  extent,  form  and  hue,  following 
the  years  and  doubtless  the  seasons. 

4.  "There  are  some  regions  particularly  variable,  which 
appear  to  hold  an  intermediate  position  between  continents 
and  seas,  like  marshes  alternately  uncovered  and  submerged 
bv  a  shallow  sheet  of  water. 

5.  "The  continents  of  Mars  appear  flat,  and  liable  in  al- 
most all  parts  to  encroachments  of  the  water  and  inunda- 
tions. 

6.  "The  northern  hemisphere  is  more  elevated  than  the 
southern.  The  seas  belong  largely  to  the  southern  hemi- 
sphere; they  do  not  appear  to  be  deep. 
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7.  "  Evaporation  is  without  doubt  considerable  and  rapid. 
Millions  of  cubic  meters  of  water  pass  easily  Irom  the  va- 
porous to  the  liquid  state,  and  thousands  of  square  kilo-, 
meters  change  from  a  continental  to  a  maritime  aspect. 

8.  "Not  only  water,  perhaps,  comes  into  plaj\  There  is 
an  entirely  different  order  of  things  from  that  which  exists 
upon  our  planet." 

The  author  commenting  upon  these  says:  "  ll'e  hai-c  only 
our  tcrrestrinl  observations  and  ideas  with  which  to  explain 
things  not  terrestrial,  and  the  study  of  Mars  is  one  of  tho»e 
which  show  us  best  that  we  are  far  from  knowing  all,  that 
our  planet  is  not  the  absolute  type  of  the  universe  and  that 
the  other  worlds  difl'er  from  that  which  we  inhabit-  It  is 
absolutely  certain  that  this  world  is  not  inactive,  sterile, 
dead,  but,  on  the  contrary,  animated  with  life  intense  and 
prodigious,  in  comparison  with  which  the  normal  aspect  of 
the  earth,  seen  from  that  distance,  would  seem  lethoT^gic 
tranquility." 

Jupiter  is  getting  too  low  in  the  southwest  for  good 
observations  in  the  evening.  Indeed  its  altitude  has  lieen  so 
low  when  on  the  meridian  that  very  few  good  observations 
have  been  obtained  at  Northfield  this  summer.  The  red 
spot  has  been  distinctly  visible  only  once;  however,  we  must 
say  that  very  little  attention  has  been  paid  to  the  object 
here.  Jupiter  will  be  in  conjunction  with  the  moon  Oct.  28 
at  5  p.  M.  central  time,  and,  as  seen  by  observers  in  latitudes 
from  20"  north  to  30'^  south,  will  suffer  occultation.  The 
oecultation  on  the  night  of  Sept.  3  was  observed  at  many 
places.  At  Carleton  College  Observatory  the  weather  was 
cloudy,  but  a  break  in  the  clouds  occurred  just  before  the  be- 
ginning of  the  occultation.  and  another  at  the  end,  which 
permitted  the  following  observations  to  be  made: 

Lucol  Mrao  Tlniv^ 

First  contact ;  Jiiiiiter's  limb  perceptibly  notchnl S  (Ml  UiJ.3 

Jupiter's  disk  half  corered 8  00  +8JS 

Second  contact :  Jupiter's  disk  wballj  covered ...,..,.„,..  8  01  39.0 

Satellite  I  disappeared 8  02  56. 0 

Jupiter's  disk  half  uncovered „....~  9  Hi  43.9 

Fourth  contact;  very  poor  deAnitioa 9  11  4tJ.l 

The  second  of  these  times  was  difficult  to  note  because  of 
a  large  mountain  on  the  moon's  limb  where  it  was  projected 
upon  the  planet's  disk,  rendering  the  estimate  of  bisection  of 
the  latter  doubtful. 


^^ 
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At  the  reappearance  the  sky  was  in  a  still  worse  condition, 
a  thick  haze  being  behind  the  clouds.  The  satellites  were  in- 
visible and  the  planet  was  not  detected  until  nearly  half  the 
disk  had  emerged.  The  difference  in  brilliancy  of  the  planet 
and  the  bright  limb  of  the  moon  was  very  striking. 

The  observations  were  made  bv  Dr.  H.  C.  Wilson  with  the 
8-inch  refractor,  magnif\'ing  power  95 ;  times  recorded  upon 
chronograph. 

Saturn  is  in  good  position  for  morning  observation,  and 
will  soon  be  seen  at  midnight.  He  is  in  Leo,  a  little  east  of 
Regulus.  Nothing  of  importance  has  recentW  come  to  hand 
concerning  this  planet. 

Uranus  is  about  2°  northeast  of  Spica,  in  Virgo.  The  con- 
junction with  Mercury  has  already  been  spoken  of. 

Neptune  is  about  One-third  of  the  way  from  Aldebaran  to 
the  Pleiades,  and  may  be  seen  during  the  whole  of  the  night. 

The  Sun  has  not  lately  been  as  free  from  spots  as  it  was 
during  the  first  half  of  the  year.  During  August  spots 
were  observed  on  sixteen  days,  four  different  groups  being 
noted.  On  four  days,  Aug.  21  to  24,  the  disk  was  entirely 
ft-ee  from  spots.  A  large  single  spot,  surrounded  by  many 
brilliant  faculse,  was  seen  on  the  east  limb  Aug.  27,  and 
was  followed  across  the  disk  until  Sept.  7.  On  that  date 
two  new  spots  of  considerable  size  had  been  formed  close  to 
the  old  one.    Sept.  9,  10,  12  and  16  no  spots  were  visible. 

MERC  TRY. 

K.  A.  Dccl.  RiMH.  Traniiits.  Sets, 

hm  -'  hm  hm  hm 

Oct.  15 13  23.5  —10  25  6  2+ a.m.  11  +5.7  a.m.  5  OS  p.m. 

25 13  02.1  —  5  01  5  01  "  10  +5.0  "  4  29  ** 

Nov.  5 13  39.2  —  8  01  5  07  "  10  3S.9  *'  4  10  " 

15 1+  35.9  —13  51  5  +8  *'  10  56.1  *'  +  0+  " 

VE.xrs. 

Ckrt.  15 11  3+.<>  -r  +  17  3  37  a.m.   9  57.0  a.m.  4  17  p.m. 

25 12  20.0  -I-  0  03  4  (»0  "  10  03.1  **  4  07  ** 

Nov.  5 13  10.4  -  5  41  4  29  "  10  10.2  "  3  51  " 

15 13  57.1  -10  19  4  55  *'  10  17.3  **  3  39  ** 

mars. 

Oct.  15 11  02.7  -f  7  34  2  52  a.m.  9  25.4  a.m.  3  59  p.m. 

25 11  25.5  4-5  11  2  45  '•  9  08.9  **  3  33  " 

Nov.  5 11  50.3  4-  2  33  2  35  •*  8  48.6  •*  3  02  ** 

15 12  12.6  -h  0  10  2  29  *•  8  33.2  **  2  37  " 

Jl'PITER. 

Oct.  15 18  10.3  -23  30  12  08  p.m.  4  31.8  p.m.  8  56  p.m. 

25 18  16.9  -23  29  1135  a.m.  3  59.1  "  8  23  " 

Nov.  5 18  25.4  -23  26  11  01  *'  3  24.2  "  7  47  " 

15 18  33.7  -23  21  10  29  "  2  53.1  *'  7  17  ** 
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R.  A. 

h  m 

Oct.  15 10  13.4 

25 10  16.9 

Nov.  5 10  20.1 

15 10  22.4 

Oct.  15 13  23.6 

25 13  26.0 

Nov.  5 13  28.5 

15 13  30.7 

Oct.  15 4  10.1 

25 4  09.2 

Nov.  5 4  08.1 

15 4  07.0 

Oct.  15 13  38.6 

25 14  01.4 

Nov.  5 14  44.4 

15 15  24.9 


SATURN. 

Dccl. 

Rises. 

Transits. 

Sets. 

C       ' 

h      m 

h      m 

h     m 

+12  23 

1  43  A.M. 

8  36.3  A.M. 

3  30 

P.M 

-f  12  06 

1  08    ** 

8  00.3    " 

2  52 

t* 

+11  50 

10  29    ** 

7  20.3    " 

2  11 

«i 

+11  39 

11  53  P.M. 

6  43.3    ** 

1  34 

4< 

URANUS. 

-   8  10 

6   15  A.M. 

11  45.9  a.m. 

5  17 

P.M 

-   8  25 

5  39    '* 

11  08.9    *' 

4  39 

44 

-   8  40 

4  59    " 

10  28.2    ** 

3  57 

<( 

-   8  53 

4  23    *' 

9  51.0    " 

3  19 

44 

NEPTUNE. 

+19  20 

7  09  P.M. 

2  33.8  A.M. 

9  58 

A.M 

+19  18 

6  29    ** 

1  53.6    •* 

9  18 

4* 

+19  14 

5  45    '• 

1  09.2    " 

8  39 

4< 

+19  11 

5  05    " 

12  28.8    ** 

7  52 

«t 

THE  SUN. 

-   8  48 

6  17  A.M. 

11  45.7  A.M. 

5  14 

P.M 

~12  22 

6  29    ** 

11  43.1    *• 

4  57 

«4 

-15  55 

6  45    " 

11  43.7    " 

4  42 

<4 

-18  42 

6  59    " 

11  44.8    " 

4  31 

<« 

Occultations  Visible  at  Washington. 


IMMERSION.  EMERSION. 

■Wash.    Angle  fm    Wash.     Anffle  Tin     Dnra- 

Mean  T.     N.  P't.      Mean  T.      N.  P*t.        tion. 

o  h    m  *  h     m 

54  9  55       284  0  49 

168  Star  1.2' S.  of  moon's  limb 

358  Star  0.0' N.  of  moon's  limb 


star's  Magni 

Date.  Name.  tude. 

h    m 

Oct.  14... I'/  Geminorum 3V2  9  06 

14.. .M  Geminorum 3  13  25 

16.. .7  Cancri 6H  12  16 

l6.../^2  cancri 5^2  14  15        176        14  20        184 

29...^3  Sagitarii 5V2  4  47          61          6  03        286 

Nov.   1...56Aquarii 6V2  10  06          57       1115       244 

3. ..33  Piscium 41/2  4  46          34          5  47        274 

3...B.  A.  C.  17 6  7  51          77          9  07       215 

8...eTauri 3V2  17  36          70        18  40        273 

l0...141Tauri 6Mi  10  58        135        1136        194 

10.. .3  Geminorum 6V2  16  40          32        17  24       329 

10... 6  Geminorum 6V2  18  01          86        19  16        281 

12...84  Geminorum....  6V^  15  59       150        16  59        228 


0  05 

1  16 
09 
01 
17 
04 

O  39 

0  45 

1  15 
1  00 


1 

1 
1 
1 


Phases  of  the  Moon. 

Central  Time. 

Full  Moon Oct.    8     7  26  p.  m. 

Last  Quarter "    16     6  38    '* 

New  Moon "    24     8  26  a.  M, 

First  Quarter **    31     2  30    ** 

Full  Moon • Nov.  7  10  05    *' 


Approximate 

Times 

of  the  Transit  of  the  Great  Red 

Spot  Across  the  Middle 

of 

Jupiter's  Disc. 

h     m 

h     m 

h    m 

Oct. 

6  10  31  1 

p.  M. 

Oct 

.  11 

9  41  P.  M. 

Oct, 

16 

8  51  P.  M. 

(t 

7 

6  23 

ti 

t  i 

12 

5  33    •• 

t« 

17 

4  43    " 

«t 

9 

8  02 

tt 

<t 

14 

7  12    *• 

t( 

19 

6  22    •* 

<< 

10 

3  54 

(« 

<t 

15 

3  04    •' 

<t 

21 

8  01     *• 

i 
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Phenomena  of 

Jupiter's  Satellites. 

» 

Central  Time. 

Central  Time, 

d       ta 

m 

d 

h 

ra 

Ct.      6    5 

46  P.  M. 

II 

Ec.  Re. 

Oct.  22 

5 

47  P.  M. 

II 

Sh.  Eg. 

6    7 

48 

I 

Ec.  Re. 

22 

6 

07 

I 

Ec.  Re. 

11    5 

40 

III 

Oc.  Re. 

29 

5 

32 

III 

Sh.  In. 

11     7 

42 

III 

Ec.  Dis. 

29 

5 

37 

II 

Sh.  In. 

13    6 

14 

I 

Ec.  Dis. 

29 

6 

06 

II 

Tr.  Eg 

14    7 

59 

I 

Sh.  Ee. 

30 

5 

18 

I 

Sh.  Eg. 

18    6 

50 

III 

Ck.  Di9. 

Nov.    5 

5 

28 

III 

Tr.  In. 

20    5 

54 

II 

Oc.  Dis. 

5 

6 

07 

II 

Tr.  In. 

21    5 

26 

I 

Tr.  In. 

5 

6 

40 

I 

Oc.  Dis. 

21    6 

36 

I 

Sh. In. 

6 

6 

13 

I 

Tr.  Eg. 

New  Minor  Planets,  285,  286  and  287.  A  planet  of  the 
13th  magnitude  or  fainter  was  discovered  by  Palisa,  Aug. 
3.4972  G.M.T.  in  R.  A.  22h  ISm  54.6s;  decl.  south  9°or23". 
Another  was  discovered  by  Charlois,  at  Nice,  Aug.  3.4917 
G.  M.  T.,  R.  A.  21h  23/22  24.5s;  decl.  south  13°04'22".  The 
third  was  discovered  by  Dr.  Peters,  at  Clinton,  N.  Y.,  Aug. 
25.5589,  R.  A.  22h  15i22 17.5s;  decl.  south  14°03'00". 


The  Occultation  of  Jupiter  on  Sept.  3. 

Several  have  sent  us  ver3'^  enthusiastic  accounts  of  the  oc- 
cultation but  giving  only  approximate  times  and  no  longi- 
tudes or  latitudes  of  the  places  of  observation,  so  that  we 
cannot  notice  them  here.  Professor  William  Brooks,  of 
Smith  Observatory,  Geneva,  N.  Y.,  writes  as  follows: 

"The  occultation  of  Jupiter  on  the  evening  of  Sept.  3  was 
well  observed  here  with  the  lO-inch  equatorial  and  the  3- 
inch  finder  attached  thereto.  The  latter  was  used  after  the 
photographic  corrector  and  plate-holder  had  been  attached 
to  the  larger  telescope. 

"  The  first  contact  with  the  moon's  dark  limb  at  immer- 
sion was  noted  at  20/i  29i22  21s  local  sidereal  time ;  and  the 
re-appearance  of  the  planet  from  the  moon's  bright  limb  was 
recorded  at  2\h  25m  30s.  The  conditions  were  decidedly 
unfavorable  for  photographic  work,  the  air  being  very 
smoky,  which  made  the  moon's  color  a  deep  orange. 
However  I  succeeded  in  obtaining  several  good  negatives 
of  Jupiter  and  the  moon  pre\nous  to  occultation.  Also 
one  negative,  and  this  I  had  set  my  heart  upon,  showing  the 
planet  when  it  was  half  covered  by  the  dark  limb  of  the 
moon.    The  motion  of  the  moon  in  its  gradual  approach  to 
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the  planet  is  shown  in  an  interesting  manner  in  the  series  of 
photographs.  And  the  record  is  autographic  and  perman- 
ent." 

Mr.  George  A.  Hill,  at  Washington,  D.  C,  observed  the 
first  contact  at  9h  41m  39s,  and  the  second  contact  at  9A 
4Sm  30s  Washington  mean  time.  The  first  of  these  observ- 
ations was  made  through  thick  clouds,  but  the  second  was 
good. 

Mr.  J.  W.  Thompson,  at  Salem,  Ohio,  observed  all  four 
contacts  with  a  four-inch  telescope. 

h       m  8 

First  contact,  8  39  00    railroad  central  time. 

Second    *'  8  40  30' 

Third       **  9  37  25         ** 

Fourth    '*  9  38  48 

Mr.  H.  S.  Hulbert,  at  Lansing,  Mich.,  says  that  the  time 
of  the  passage  of  the  moon's  edge  off  the  disk  of  Jupiter 
was  Im  12s,  **  which  greatly  surprised  *'  him. 


COMET  NOTES. 


Comet  e  1888  (Barnard,  Sept.  1,  1888)  will  be  in  very  fav- 
orable position  for  observation  in  the  evening  during  Octo- 
ber, but  its  light  is  becoming  so  feeble  as  to  make  it  a  diffi- 
cult object.  The  following  ephemeris  by  C.  W.  Crockett  is 
taken  from  A.J,  No.  195 : 

1889  G.  M.  T.     App.  a  App.  d  log.  r     log.  J    Br. 

h  m   8       o   /   // 

Oct.  2.5  18  15  03.0  —10  43  28  0.5334.9  0.52800  0.4 

6.5  14  02.8  10  57  14  0.53805  0.5421G  0.4 

10.5  13  23.9  11  09  51  0.54256  0.55574  0.3 

14.5  13  04.2  11  21  22  0.54704  0.56873  0.3 

18.5  13  01.8  11  31  53  0.55147  0.58115  0.3 

22.5  13  14.9  11  41  25  0.55585  0.59298  0.3 

26.5  13  42.2  11  49  59  0.56018  0.60424  0.3 

30.5  18  14  22.1  —11  57  40  0.56448  0.61494  0.2 


Comet  b  1889  (Barnard,  March  31)  may  be  seen  during 
the  whole  night.  It  is  increasing  in  brightness,  reaching  the 
maximum  about  Oct.  8,  but  will  not  be  visible  to  the  naked 
eye.  It  is  moving  southwest  through  the  constellation  Eri- 
danus,  the  River,  toward  the  second  star  in  pt  Ceti.  Oct.  10 
it  will  pass  very  close  to  the  star  jj  Eridani.  We  have  no 
ephemeris  at  hand  later  than  the  following  by  W.  W.  Camp- 
bell (A./.  No.  201) : 
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1889  G.  M.  T.  App.  a  App.  H  log.  r  log.  J      Br. 

Oct.  1.5   3  23  22   —  5  48.9   0.4171  0.2541  1.70 

0.4208  0.2483  1.70 

0.4245  0.2451  1.71 

0.4283  0.2449  1.68 

0.4321  0.2477  1 .63 

0.4360  0.2534  1.50 

Comet  c  1889  (Barnard,  June  23)  has  passed  beyond  the 
reach  of  the  most  powerful  telescopes.  The  latest  reported 
observation  was  on  Aug.  5. 


3.5 

3  16  28 

6  34.8 

5.5 

3  09  23 

7  20.5 

7.5 

3  02  07 

8  05.9 

9.5 

2  54  41 

8  50.6 

11.5 

2  47  07 

9  34.4 

13.5 

2  39  28 

10  17.0 

15.5 

2  31  45 

10  58.1 

17.5 

2  23  59 

11  37.5 

19.5 

2  16  14 

12  15.0 

21.5 

2  08  32 

—12  50.3 

Comet  d  1889  (Brooks  Juh-  6)  was  found,  by  Barnard  at 
Lick  Observatory,  Aug.  1,  to  be  divided  into  three  parts. 
This  discover3'  was  verified  on  subsequent  nights  and  was 
communicated  by  telegraph  to  other  observatories.  Else- 
where will  be  found  a  communication  from  Mr.  Barnard  to 
iht  Astronomical  Journal,  and  another  from  Mr.  Brooks  on 
the  same  subject. 

Elliptic  elements  of  this  comet  have  been  computed  by  Dr. 
K.  Zelbr  {A.  N.  2918),  Rev.  George  M.  Searle  and  Mr.'s.  C. 
Chandler  {A.  J.  202),  and  Dr.  O.  Knopf  {A.  N,  2921),  the 
first  deriving  a  period  of  12^/^  3'ears,  the  second  8.34  j-ears, 
the  third  8.186  years,  and  the  last  7V^  years.  The  second 
and  third  results,  while  agreeing  well,  are  not,  however,  in- 
dependent, as  the  first  and  last  observations  used  in  the  two 
computations  were  identical,  July  8  and  Aug.  19.  The  fol- 
lowing elements  and  ephemeris  are  by  Mr.  Chandler  : 

T=  1889  Sept.  15.3618  G.  M.  T. 
a,  =  335°  50'  42''  1 
M  =    19    15    08     }  1889.0 
i=      6    00    10     J 
log  q  =  0.300652        q  =  1.99826 
£  =  0.507112 
Period  =  8.186  j^ears. 
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Comet  e  1889  (Davidson,  July  21)  was  observed  by  Bar- 
nard on  the  evening  of  July  26  in  R.  A.  ISA  30m,  decl.  south 
22°  01'  in  the  constellation  of  Hydra.  It  has  moved  rapid- 
ly northeast,  and  may  now  be  found  in  the  middle  of  Her- 
cules. Its  brightness  is  however  diminishing  rapidly  so  that 
it  will  be  a  difficult  object  for  small  telescopes.  The  orbit  is 
probably  parabolic.  The  latest  elements  are  by  Professor 
T.  H.  Safford  (^4.  /.  202)  depending  upon  observations  at 
Rome  Juh"  26  and  Washington  Aug.  7  and  Aug.  16. 

T=  1889  July  19.3066  G.  M.  T. 
<o  =  345°  53'  59.0'' 
Q  =  286    08    21.3     J^  1889.0 
/=    65    59    16.4 
log  q  =  0.016959 
^7  =  1.03982 

The  following  ephemeris  was^computed  by  Mr.  William 
Bellamy  from  elements  quite  similar  to  the  above  {A.J,  201): 

Br. 

0.024 
.021 
.019 
.017 
.014 
.013 
.011 
.010 


Warner  Prizes  for  Cometary  Discoveries.  We  are  sorry  to 
learn  from  Mr.  Denning's  comet  notes  in  the  September  num- 
ber of  The  Observatory  that  the  money  prizes  offered  by  Mr. 
H.  H.  Warner,  founder  of  the  Warner  Observatory,  Roches- 
ter, N.  Y.,  expired  on  May  1st  last,  and  will  not  be  renewed 
during  the  present  year.  These  prizes  were  first  oflfered  in 
1881,  and  the  amount  was  then  fixed  at  $200  to  be  paid  to 
each  discoverer  of  an  unexpected  comet.  This  sum  was  re- 
duced in  1886  to  $100  for  each  new  comet.  The  greater 
number  of  these  prizes  have  been  won  by  Messrs.  Barnard 
and  Brooks,  the  two  American  observers  who  have  been 
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most  zealous  in  their  search  of  the  heavens,  but  there  is 
chance  for  others,  and  we  hope  that  the  zeal  of  young  ama- 
teurs will  not  be  diminished  because  of  the  lack  of  a  mone- 
tary consideration.  It  is  gratifying  to  know  that  the  prizes 
will  probably  be  oflFered  again  next  year.  We  take  pleasure, 
also  in  this  connection,  in  calling  attention  to  the  medals 
which  are  to  be  offered  next  year  by  the  Astronomical  So- 
ciety of  the  Pacific  (see  page  360). 


Brilliant  Meteors.  Tuesday,  Aug.  27,  a  very  brilliant  me- 
teor was  seen  in  the  eastern  heavens.  It  started  near  the 
great  nebula  in  Andromeda,  pursuing  a  southerly  course, 
and  bursting  near  the  center  of  the  square  of  Pegasus.  It 
was  of  an  intense  white  color  and  somewhat  more  brilliant 
than  an  electric  light.  A  few  minutes  later  a  second  one 
started  from  the  same  constellation.  It  was  about  double 
the  size  of  the  first,  and  changed  to  an  intense  red,  then  to 
blue,  finally  bursting  with  a  slight  report.  The  pieces  fell 
like  sparks  from  a  sky-rocket.  It  was  a  very  beautiful  sight, 
the  finest  I  ever  saw.  w.  s.  hflbert. 

Lansing,  Mich. 


Queries  with  Brief  Answers.  The  answer  to  query  num- 
ber 19,  as  given  in  the  last  Messenger,  was  carelessly 
wrong,  and  a  number  of  our  readers  were  prompt  to  set  us 
right.  It  is  a  pleasure  to  acknowledge  the  mistake,  and  a 
delight  to  say  the  spirit  of  reproof  by  these  friends,  in  every 
case  but  one,  was  admirable  and  generously  kind.  Now  we 
hasten  to  give  a  1)etter  answer  on  the  next  page. 

Query  11.  The  reason  why  almanac  makers  use  the  word 
mom,  in  case  of  the  moon's  rising  or  setting,  is  plain,  on 
proper  reflection.  Let  the  proposer  of  the  query  look  in 
some  calendar  for  October,  1889.  On  the  18th  he  will  find 
mom.  The  17th  gives  11 A  4-2m  for  the  rising.  Opposite  the 
19th  he  will  see  ^l/n,  which  of  course  denotes  so  many  min- 
utes past  12:  but  the  intervals  l>etween  the  risings  is  only 
one  hour;  and  one  day  plus  one  hour  from  Thursday-  night 
lib  4t2m  throws  the  rising  past  midnight  on  Friday,  and 
hence  is  counted  as  Saturday  morning.  So  when  two  suc- 
cessive settings  occur,  one  on  each  side  of  midnight,  the  like 
skipping  of  one  day  takes  place.  The  moon  does  not  rise  at 
all  on  Friday,  Oct.  18,  1889.  r.  w.  m. 
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•  Query  19.  The  answer  printed  in  the  August  number  is  in- 
correct. Evidently  the  inquirer  asked  the  common  time; 
and  that  is  midnight  of  Dec.  31,  1900.  This  is  so  plain  and 
simple  a  matter  that  it  is  cause  for  wonder  that  anyone 
could  be  in  doubt  on  the  subject.  The  year  is  always  the 
currents  not  the  complete  year.  The  same  is  true  of  the  day, 
— when  we  say  the  31st  day  of  the  12th  month,  the  meaning 
is  the  current  day  and  month — not  31  days  and  12  months. 
The  Christian  era  is  now  in  its  eighteen  hundred  and  eighty- 
ninth  year.  The  1889  years  will  be  completed  at  midnight 
Dec.  31.  There  was  no  year  zero.  The  Christian  era  starts 
with  the  year  1,  and  when  1900  have  passed  we  shall  reach 
the  20th  centurv,  and  not  till  then.  r.  w.  m. 

30.  In  reply  to  the  question  of  s.  w.  F.  in  The  Messenger 
for  August  I  enclose  the  position  of  1830  Groombridge: 

a    llA  47n3  51s  -5  +  38A  34m  37s 

The  star  is  about  6.5  magnitude.  I  am  of  the  opinion  that 
s.  w.  F.  will  have  some  trouble  in  finding  it  unless  he  is  fur- 
nished with  an  equatorial  telescope.  The  star  is  in  the  lower 
part  of  the  right  leg  of  the  Great  Bear,  and  when  «5  Ursae 
Majoris  is  on  the  meridian  1830  Groombridge  will  be  about 
19y2°  to  the  south  and  slightly  west  of  the  former  star.  It 
might  be  located  from  Cor  Caroli.  It  is  about  16°  west  and 
directh'  south  of  that  star.  It  is  also  near  a  nebula  of  a  pale 
white  tint  and  quite  bright.  It  should  be  in  the  field  with 
the  nebula  in  an  cN^e-picce  that  covers  60'  or  70'.        G.  B.  h. 

Photographic  Equatorial  for  Cordoba  Observatory. 
Messrs  Warner  &  Swasey,  of  Cleveland,  have  just  com- 
pleted the  mounting  of  a  12-inch  photographic  equatorial 
for  Professor  Thome  of  the  Cordoba  Observatory,  Argen- 
tine Republic,  South  America. 

Spectrum  of  /  Cygni.  Bright  lines  were  seen  in  the  spec- 
trum of  Chi  Cygni  on  May  19,  21 ;  D^  very  plain,  confirmed 
by  Mr.  Taylor  at  Ealing,  England.  T.  E.  espin. 

Wolsingham  Observatory. 

A  student  interested  in  elementary  algebra  finds  trouble  in 

solving  the  following  example : 

x'+y  =7 
a:+v'=^11 

Possibly  some  of  our  readers  would  like  to  try  it. 
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The  beautiful  frontispiece  which  we  are  able  to  present 
this  month  by  courtesy  of  Professor  W.  H.  Pickering,  of 
Harvard  College  Observatory,  we  think  will  be  studied  with 
great  interest  in  connection  with  the  important  article  ac- 
companying it.  

Two  excellent  articles  are  already"  in  hand  for  next  month, 
one  by  Professor  Piazzi  Smyth,  of  England,  and  the  other  by 
W.  H.  S.  Monck,  of  Dublin,  Ireland. 


The  dome  of  the  new  Dearborn  Observatory  at  Evanston 
is  said  to  be  one  of  the  most  perfect  pieces  of  mechanism  of 
its  kind.  It  was  planned  by  Professor  G.  W.  Hough.  It  is 
to  be  duplicated  for  the  new  Observatory  at  Denver,  Col. 

The  Bruce  Photographic  Telescope,  a  doublet  of  24  inches 
aperture  and  11  feet  focal  length,  for  Harvard  College  Ob- 
servatory, will  be  completed  in  the  near  future.  The  terms 
oflFered  by  Mantois  of  Paris  for  the  rough  disks  are  sat- 
isfactor>',  and  the  contract  has  been  signed  with  A.  Clark  & 
Sons  of  Cambridge,  Mass.,  for  the  entire  instrument. 

Professor  Howe's  New  Telescope.  Professor  H.  A.  Howe, 
Director  of  the  Observatory  of  the  University  of  Denver, 
Colorado,  writes  recently  that  the  crown  glass  for  his  new 
20-inch  objective  is  on  exhibition  at  the  Paris  Exposition. 
Mantois  of  Paris,  the  maker,  sa\'s  he  is  willing  to  have  the 
jury  decide  his  rank  as  a  competitor  by  it  alone  if  they 
choose.    The  flint  glass  is  still  in  the  pots. 

Photograph  of  Jupiter.  Professor  W.  H.  Pickering  has 
favored  The  Messenger  with  a  reversed  positive  of  the 
planet  Jupiter,  mounted  for  a  transparenc\'.  The  negative 
was  taken  on  Wilson's  Peak,  in  Southern  California,  at  an 
altitude  of  6,250  feet,  by  the  aid  of  the  13-inch  Boyden  pho- 
tographic doublet,  June  21  19/?  15m  g.  m.  t.  The  exposure 
was  14  seconds.  The  scale  is  1  :  5,000,000,000.  A  surpris- 
ing amount  of  detail  is  seen  in  the  positive,  the  focal  image 
being  enlarged  to  show  an  equatorial  diameter  of  29  milli- 
meters. 
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New  Telescope  for  Carleton  College  Observatory. — ^A  fe-w 
weeks  ago  Dr.  E.  H.  Williams,  of  Philadelphia,  most  gen- 
erously donated  to  Carleton  College  $15,000  for  the  pnr- 
pose  of  purchasing  a  new  equatorial  telescope,  of  16-inches 
clear  aperture,  for  the  new  Observatory.  This  noble  gift  is 
now  in  the  College  treasury,  and  steps  are  being  taken  for 
the  construction  of  the  telescope.  There  are  so  many  new 
and  interesting  questions  pretaining  to  the  glasses  and  the 
mounting,  that  we  shall  not  greatly  hasten  the  work,  but 
go  only  so  fast  as  the  best  way  opens  after  careful  study. 
It  will  probably  be  two  years  before  the  large  telescope  wll 
be  in  place  and  ready  for  work. 

The  friends  of  Carleton  have  reason  to  rejoice  greatly  in 
this  another  gift  by  Mr.  Williams  to  this  institution,  and  as 
the  most  thoughtful  of  them  ponder  it,  they  well  kno-w  that 
whatever  the  scientific  character  of  this  college  now  is,  or 
may  be,  its  measure  of  success  will  be  largely  due  to  the 
generous.  Christian  spirit  of  this  noble  man.  These  grand 
memorials,  which  he  has  so  wisely  placed  here,  will  fittingly 
bring  Heaven  and  earth  nearer  in  gracious  power  to  touch 
the  hearts  of  the  young,  with  the  matchless  beauty  of  the 
star-depths  painted  there  as  the  handiwork  of  God. 


Recent  Papers  by  Professor  William  Huggins,  Two  excel- 
lent papers  have  recently  been  published  by  Dr.  William  Hug- 
gins,  of  London,  with  titles  as  follows:  **0n  the  Wave- 
Length  of  the  Principal  Linein  the  Spectrum  of  the  Aurora," 
and  **0n  the  Spectrum  Visible  and  Photographic  of  the 
Great  Nebula  of  Orion.*'  To  -the  last  the  name  of  Mrs. 
Huggins  is  added  as  author  also.  In  our  last  issue  appeared 
a  brief  article  by  Professor  C.  A.  Young  covering  most  of 
the  important  points;  for  details  the  papers  themselves 
should  be  read. 


Change  in  Crater  Pliny.  On  Sept.  15  telegraphic  notice 
came  that  an  observ^er  in  Geneva  had  noticed  a  change  in  the 
central  crater  of  Plin\\  Bad  weather  at  Carleton  College 
Observatory  has  prevented  observation.  Attention  is  asked 
to  this  during  the  next  moon.  We  also  suggest  that  Gas- 
sendi  be  examined  carefully,  for  F Astronomic  (France)  re- 
ports a  new  crater  on  its  northwest  rampart  observed  July 
8,  1888. 
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The  Observatory  Criticises  Professor  Pickering's  Plans  for 
Stellar  Pbotograpby.  The  August  Ofcserrato/y  (Greenwich, 
England),  in  a  remarkable  manner  editorially  criticises  the 
plans  for  stellar  photography  proposed  by  Professor  E.  C. 
Pickering  of  Harvard  College  Observatory.  The  occasion  of 
our  worthy  cotemporary's  displeasure  seems  to  arise  in  this 
way:  In  November  last,  Professor  Pickering  prepared  a 
circular,  for  special  and  personal  uses,  setting  forth  the  ad- 
vantages of  a  photographic  telescope  of  24  inches  clear  ap- 
erture and  eleven  feet  focal  length,  and  briefly  showing  what 
such  an  instrument  could  do  in  the  promising  field  of  stellar 
photography.  To  this  appeal  Miss  C.  W.  Bruce,  of  New 
York  City,  promptly  responded  with  the  munificent  gift  of 
$30,000  to  procure  such  a  telescope. 

The  Observatory  now  takes  Professor  Pickering  to  task 
severely  for  the  following  reasons :  1st.  Because  no  mention 
was  made  of  similar  work  proposed  by  the  International 
Congress  in  1887,  in  his  appeal  for  funds  it  is  said  he  has  not 
**put  his  case  before  the  public  in  a  fair  manner;*' curiously 
suggesting  also,  that  some  evil-disposed  person  might  charge 
Professor  Pickering  with  deliberately  excluding  such  men- 
tion from  his  appeal,  as  likely  to  be  prejudicial  to  his  chances 
of  success  in  getting  the  desired  mone\'.  2d.  That  Professor 
Pickering  is  setting  up  a  rival  scheme  to  that  of  the  Interna- 
tional Congress  and  thereby  op])osing  and  discouraging  its 
great  work.  3d.  In  assuming  that  he  can  make  a  photo- 
graphic chart  of  the  whole  sky  in  two  or  three  years,  with 
one  large  telescope,  is  to  say  that  the  united  efforts  of  sev- 
enteen observatories  to  do  the  same  work  with  smaller  tele- 
scopes, is  all  wrong.  4th.  That,  by  his  course.  Professor 
Pickering  **has  re-|)eop1ed  the  world  with  critics  whose 
attention  is  distracted  from  the  research  bv  the  manner  in 
which  it  has  been  endowed." 

As  a  whole,  this  is  the  most  remarkable  criticism  bv  men 
of  acknowledged  ability  that  we  ever  saw.  Surely  it  does 
not  "mince  matters."  In  a  unique  way  it  raises  some  very 
grave  questions,  that  lead  us  to  ask  what  obligation  any 
man  is  under,  in  any  business,  to  publish  to  the  world  what 
other  men  propose  to  do,  before  he  can  properly  go  at  the 
same  work  in  his  own  way,  if  he  chooses  ?  Or  what  right 
have   English   gentlemen   to  impugn  the   motives  of  any 
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person  and  color  them  up  to  suit  their  fancy,  and  then  turn 
round  and  politely  ask  the  accused  to  say  whether  or  not 
that  is  a  true  picture  of  himself?  It  is  difficult  to  imagine 
what  provocation  would  justify  such  conduct. 

This  so-called  ** rival  scheme"  seems  to  trouble  the  Obser- 
vatory. Why  is  this  ?  Is  there  real  fear  of  one  man  against 
the  seventeen — one  Observatory  against  the  seventeen,  pos-. 
siblv  of  the  best  in  all  the  world  beside  ? 

Another  curious  feature  is  the  supposed  fact  that  the 
manner  of  obtaining  $50,000,  in  America,  for  endowing 
stellar  photography  should  re-people  the  world  with  critics 
to  harm  the  work  in  the  eves  of  our  friends  on  the  other 
side.  We  do  not  believe  it  will.  The  International  Com- 
mittee know  that  Harvard  College  Observatory  has  a  fine 
13-inch  photographic  telescope,  and  it  is  now  ready,  doubt- 
less, to  do  its  full  share  of  work  on  the  international  plan. 
If  that  noble  Observatory  wants  to  do  more,  or  try  dif- 
ferent plans  for  the  same  kind  of  work,  we  say,  go  ahead, 
and  bid  her  God  speed  in  it,  especially  when  we  know  that 
Professor  Pickering  has  already  photographed  stars  with  an 
8-inch  instrument  whose  magnitudes  are  as  small  as  the 
limit  of  those  contemplated  by  the  International  Congress. 

Whether  this  large  photographic  telescope  of  24  inches 
aperture  can  be  made  or  not,  as  our  friends  seem  to  doubt, 
we  do  not  know,  but  we  do  know,  that  the  disks  are  already 
contracted  for,  and  that  the  Clarks  have  agreed  to  make  the 
lenses.    Time  will  soon  test  all  these  interesting  questions. 


Total  Solar  Eclipse  Expedition  for  Dec.,  1890,  An  expe- 
dition to  West  Africa  to  observe  the  total  eclipse  of  the  sun 
which  will  occur  Dec.  21-22,  1889,  is  now  being  organized 
in  Washington,  D.  C,  with  headquarters  at  the  Navy  De- 
partment. Secretary  Tracy  has  placed  the  entire  manage- 
ment of  this  expedition  in  the  hands  of  Professor  D.  P.  Todd, 
Director  of  the  Observatory  of  Amherst  College,  Mass.  It 
is  too  early  to  speak  of  the  personnel  of  the  expedition,  as 
but  few  are  yet  named.  It  is  probable,  if  not  certain,  that 
Professor  Bigelow,  of  the  Nautical  Office,  Dr.  Holland,  Pro- 
fessor Agdssiz,  Mr.  Orr,  and  Professor  Loomis  and  Harvey 
Brown  from  the  National  Museum  are  among  the  persons 
alreadv  chosen. 
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Harvard  College  Observatory  and  the  Massachusetts  In- 
stitute of  Technology  are  to  loan  some  instruments  for  the 
service  of  the  expedition.  The  plans,  so  far  matured,  seem 
to  cover  a  wide  range  of  work,  as  this  will  probably  be  the 
most  favorable  eclipse  for  observation  (if  the  weather  at  the 
time  is  propitious)  that  will  take  place  for  a  few  j^ears  to 
come.  Professor  Todd  is  anxious,  of  course,  to  obtain  all 
the  observational  data  possible  in  this  early  opportunity, 
and  we  believe  he  will  spare  no  pains  to  make  the  expedition 
successful  in  all  wavs. 

The  path  of  totality  of  this  eclipse  touches  the  west  coast 
of  Africa  at  10°  south  latitude,  and  near  the  city  of  St.  Paul 
Loanda,  two  or  three  hundred  miles  below  the  mouth  of  the 
Congo  River.  The  expedition  will  land  at  this  city  and 
choose  its  point  of  observation  probably  at  some  distance 
beyond,  near  the  central  line  of  the  shadow. 


Astronomical  Photography,  The  fourth  part  of  the  Bulle- 
tin of  the  Permanent  International  Committee  on  the  Pho- 
tographic Chart  of  the  Sky  is  just  at  hand.  It  contains 
valuable  papers  by  Dr.  Scheiner,  J.  C.  Kapteyn,  Dr.  H.  C. 
Vogel,  David  Gill,  and  E.  Renz,  on  subjects  of  investigation 
connected  with  the  great  project.  The  paper  by  Dr. 
Scheiner,  of  Potsdam  on  **The  Application  of  Photography 
to  the  Determination  of  Stellar  Magnitudes,''  giving  results 
of  measurements  of  plates  exposed  by  E.  von  Gothard  at 
Hereny,  and  b}'  himself  at  Potsdam,  is  specially  interesting. 
The  paper  also  b^'  Dr.  Vogel,  describing  the  new  photo- 
graphic refractor  recently  constructed  for  the  Observatory 
at  Potsdam  '  by  the  Repsolds  is  of  great  interest  and 
importance.  This  instrument  has  two  objectives  and 
eye-piece  and  plate-holder  in  the  same  tube,  conforming 
to  the  resolutions  of  the  congress  in  1887,  but  the  pecu- 
liarity is  in  the  form  of  mounting,  which  is  quite  dif- 
ferent from  the  English  and  German  forms.  The  pillar  which 
supports  the  polar  axis  is  not  upright,  but  L-shaped,  the 
lower  part  being  inclined  nearh'  in  the  plane  of  the  equator, 
the  upper  almost  at  right  angles  to  this,  extending  toward 
the  north  pole  and  enclosing  the  polar  axis.  The  support 
possesses  verj'  great  stability,  and  its  form  permits  an  unin- 
terrapted  motion  of  the  telescope  in   all  positions.    The 
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English  form  of  mounting,  which  was  adopted  by  the  Hen- 
rys, does  not  permit  the  telescope  to  be  directed  toward  the 
polar  regions.  The  German  form  does  not  permit  the  tele- 
scope to  pass  the  meridian  near  the  zenith  without  reversal, 
the  tube  striking  upon  parts  of  the  pillar.  The  Repsolds,  in 
their  new  form  of  mounting,  have  avoided  both  of  these  dif- 
ficulties. 

The  President  of  the  Bureau,  E.  Mouchez,  after  calling  at- 
tention to  the  reunion  of  the  Permanent  Committee  to  be 
held  in  Paris  Sept.  15,  and  the  new  Astrographic  Congress 
at  Bruxelles  the  following  week,  gives  a  brief  report  of  prog- 
ress already  made  and  a  list  of  questions  to  be  considered 
at  the  meeting.    He  says,  **  According  to  some  reports  re- 
ceived it  seems  that  the  results  obtained  with  the  photo — 
graphic  objectives  constructed  in  other  countries  are  not  so 
satisfactory  as  ours,  especially  in  regard  to  the  extent  o^ 
measurable  field.    If  this  be  so  there  will  be  a  troublesome 
cause  of  delay  for  several  of  the  observatories  which  should 
take  part  in  the  construction  of  the  chart  of  the  sky  and  the 
catalogue. 

**The  seven  instruments,  the  construction  of  which  was 
given  to  Messrs.  Henry  and  Gautier,  are  finished.  The  three 
destined  for  the  French  observatories  of  Bordeaux,  Toulouse 
and  Alger  have  been  delivered,  and  the  four  for  La  Plata, 
Santiago  du  Chili,  Rio  de  Janeiro  an  San  Fernando  are  also 
finished  and  in  course  of  shipment.  These  seven  observa- 
tories, with  that  of  Paris,  will  be  ready  to  commence  work 
in  the  first  half  of  the  coming  3'ear.''  h.  c.  w. 

International  National  Congress  on  Celestial  Pbotog- 
raphy.  By  courtesy  of  Mr.  A.  A.  Common,  vice  president 
of  the  International  Congress  on  Celestial  Photography,  we 
have  a  circular  giving  a  programme  of  meeting  appointed 
for  Sept.  20.    It  is  as  follows : 

PROGRAMME. 

Sun. — The  establishment  of  an  understanding  between  Observatories  with 
a  view  of  obtaining  an  uninterrupted  series  of  Solar  Photographs  of 
uniform  plan,  giving  the  condition  of  the  Sun's  surface  several  times  a 
day. 
A  systematic  Photographic  Study  of  the  Solar  Spectrum. 

Moon. — Systematic  study  bj'  Photography  of  the  surface  of  the  Moon,  in 
order  to  obtain  a  complete  delineation  of  the  whole  visible  surface  of 
our  Satellite. 
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Plaiiets.— Photo^aphy  of  Planets  and  their  Satellites,  for  physical  features 
and  measurement. 

Meteorites  and  Shooting  Stars. — Study  by  Photography. 

Comets. — Photography  of  Comets  during  the  whole  course  of  their  appear- 
ance. 

Star  Ctosters. — Photography  for  purposes  of  description  and  measurement. 

Stars. — Photometric  study  of  Stars  by  Photography. 

Special  Study :    Stellar  Spectra,  for  classification  and  measurement. 

NebuUe. — Descriptive  Photography  and  Photometry. 

Searching  for  Nebulae  by  Photograph}'.  Preparation  of  documents  en- 
abling the  detection  in  the  future  of  any  modification  of  form  which 
may  arise. 

GENERAL  QUESTIONS. 

Instruments  to  be  employed  in  each  case. 

Suitable  methods  for  obtaining  an  exact  definition  of  the  conditions  un- 
der which  the  Celestial  Photographs  are  obtained  so  as  to  allow  of 
comparison  in  the  future. 

Reproduction  of  negatives  and  multiplication  of  copies. 
Prcser^'ation  of  negatives  and  copies  as  photographs. 
Measures  to  be  taken  in  order  to  ensure  the  preservation  of  these  docu- 
ments in  public  collections. 

Professor  Loomis'  Will  Bequeaths  over  $300,000  to  Yale 
University.  Bv  the  Will  of  the  late  Professor  Elias  Loomis, 
^ale  University  is  ultimatel}'  to  come  into  the  possession  of 
over  $300,000.  After  special  bequests  to  relatives  the  fol- 
lovring  provisions  of  the  Will  relate  to  the  University  and 
tbc  Astronomical  Observatorv : 

An  elegant  picture  of  the  deceased,  painted  by  Mrs.  H.  A.  Loop,  of  New 
York,  is  given  to  Yale  to  be  kept  in  the  Astronomical  Observatory 

All  the  professor's  books  and  pamphlets  which  relate  to  mathematical 
and  physical  sciences  go  to  the  University  Library. 

Alter  bequeathing  certain  lK>oks,  manuscripts,  etc.,  to  a  son,  all  the  re- 
mainder of  his  property  goes  to  Yale  University  in  trust.  One-third  of  the 
income  from  this  trust  fund  in  the  care  of  Yale  is  to  be  given  to  Henry 
Bradford  Loomis.  another  third  to  his  other  son,  Francis  E.  Loomis,  who 
18  in  Europe  in  ver^'  delicate  health,  and  a  third  to  the  Yale  Astronomical 
Ob«crvator\'. 

Upon  the  death  of  each  son  the  one-third  of  the  income  from  the  trust 
fund  they  are  entitled  to  while  living  goes  to  the  Yale  Observatory. 

The  income  of  said  trust  fund,  which  is  to  go  to  the  use  of  the  Observa- 
tory, as  above  provided,  may  be  applied,  at  discretion  of  Yale  University. 
in  any  year,  to  all,  or  one,  or  more  of  the  following  objects,  namely :  The 
pa3mtent  of  salaries  of  observers  whose  time  is  exclusively  devoted  to  the 
making  of  observations  for  the  promotion  of  the  scrienc^  of  astronomy,  or 
to  the  reduction  of  astronomical  observations,  and  their  discussion  in  pa- 
pers prepared  for  publication,  or  to  defraying  the  expenses  of  publishing 
these  observations.       If.  in  any  year,  the  income  of  this  trust  fund,  which 
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he  desires  to  be  forever  kept  as  a  distinct  fund  by  the  name  of  the  Loomis 
fund,  available  for  the  use  of  the  Observatory,  shall  be  more  than  sufficient 
to  provide  for  the  above  named  objects,  the  excess  of  income  shall  be  ad- 
ded to  the  principal  and  shall  thenceforth  form  an  integral  part  of  this  ftind. 
Henry  Bradford  Loomis  is  named  as  executor.  The  treasurer  of  Yale  col- 
lege is  executor  ex-officio. 

Provisions  like  these  for  the  endowment  of  scientific  re — 
search  are  eminentl3'  wise,  and  are  gaining  the  attention  of^ 
the  public  more  and  more  in  recent  years. 


The  Velocity  of  Sound  Mathematically  Completed  (Fronrm::^^  ^jj 
Newton's  Demonstration)  and  shown  to  be  not  seriousljrJL^^ 
modified  by  Heat,  Proposition  I.  Newton  taught  that  th». 
whole  air- tension,  from  its  averaged  weight-height  A  (^ 
is  the  pulse-force  producing  the  \vave-length  or  velocity 
sound  in  air. 

Proposition  II.  Newton  was  right  in  thus  treating  ai-f^^^iY, 
tension  P  (or  weight  A),  and  not  its  mere  increase  (P' —  l^KT  Pj 
by  condensing  vibration,  as  the  pulse-force  producing  vclo^iz^oc. 
ity  of  sound,  V. 

Proposition  III.  The  fact  that  the  whole  air-tension  \ 

(or  ^)  is  the  pulse-force  producing  its  velocity,  at  once  anr^K-u/. 
hilates  the  pulse-heat  theory,  which  regards  the  velocity  of 

sound  as  greath^  increased  by  vibrational  heat. 

Proposition  IV.  Instead  of  an\'  great  addition  of  veloc^^ — ity 
from  heat,  the  true  filling  out  of  the  Newtonian  value  is  i^Khe 
mere  supply'  of  a  slight  mathematical  deficiency',  one  lit:r  tle^ 
item  overlooked  in  Newton's  demonstration.  J(amel\',  "^he 
fact  that  the  work  of  pulse-force  A  (as  an  already  acqui-^^ed 
tension)  is  b}*^  instant  stroke^  instead  of  steady  pressure  C^s 
reckoned, — whereby  its  efficac3Mn  pulse  motion  or  velocity  <^^ 
sound  is  increased  \  2-fold,  i.  e.,  to  1.19  of  its  Newtonfa-  "^ 
value,  or  from  916  to  1090  feet  per  second,  as  the  facts 
nature  require. 

A  CHALLENGE. 

After  the  most  thorough,  and  long-continued,  and  oft  re- 
peated examination  and  demonstration  of  the  case,  I  no^ 
call  upon  the  scientific  world  to  meet  the  issue  here  made, 
and  either  disprove  the  ground  here  taken  or  else  accept  it 
as  the  truth.  Which  of  the  four  propositions  above  does 
anyone  call  in  question  ?  Each  candid  expert  should  answer, 
that  we  may  know  in  what  direction  to  |spend  our  labor, 
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and  farnish  our  argument.    I  deem  this  a  serious  matter; 
and  it  is  high  time  for  our  current  science  to  be  proved  right, 
or  set  right,  upon  this  important  point.    Correspondence  is 
kindly  solicited,                                   smith  b.  goodenow. 
Battle  Creek,  Iowa. 

Stonyburst  College  Observatory,  The  report  for  1888, 
gfiving  the  results  of  meteorological,  magnetical  and  solar 
observations,  made  at  Stonyhurst  College  Observatory,  by 
Rev.  S.  J.  Perry,  S.  J.,  D.  Sc.,  F.  R.  S.,  has  been  received.  It  is 
a  neat  pamphlet  of  99  pages  of  the  usual  form  of  Father 
Perry's  reports  of  this  kind  that  have  been  issued  for  several 
years  past.  The  work  of  this  Observatory  is  known  in  both 
hemispheres. 

Professor  H,  V,  Egbert  has  recently  been  appointed  to  the 
position  of  Professor  of  Mathematics  and  Astronomy  in 
Buchtel  College,  Akron,  Ohio,  in  the  place  of  Professor  Chas. 
S.  Howe  who  has  resigned.  Mr.  Egbert  is  well  and  favor- 
ably known  \ery  generally'  in  lines  of  his  chosen  pursuits 
and  he  comes  to  his  new  field  amph'  qualified  for  it. 


BOOK  NOTICES. 


Zexographical  Fragments.  I.  The  Motions  and  Changes  of  the  Mark- 
ings of  Jupiter  in  the  Apparition  of  1886-87,  by  A.  Stanley  Williams, 
F.  R.  A.  S.  London :  Publishers,  Messrs.  Mitchell  &  Hughes,  UO  War- 
dour  Street  W.    1889.    pp.118. 

In  the  study  of  the  surface  markings  of  Jupiter  Mr. 
Williams  used  a  silver-on-glass  reflector  by  Calver,  6^^  inches 
in  aperture  and  equatorially  mounted,  with  magnifying 
power  170.  The  observations  were  principally  designed  to 
effect  two  objects.  1st,  to  fix  the  zenographical  longitudes 
of  the  different  spots;  2nd,  to  record  the  magnitude,  in- 
tensity and  appearance  of  the  various  markings  diversifying 
the  disk  of  Jupiter.  In  the  first  section  is  given  the  method 
of  observation,  delineation  and  reduction;  in  the  second  is 
shown  how  the  construction  of  the  chart  of  the  markings  is 
made;  in  the  third  the  general  arrangement  of  the*  Jovian 
belts  and  markings  of  1886-87;  fourth,  observations  of  in- 
dividual markings  with  remarks  on  their  motions  and 
changes;  fifth,  summary  of  rotation  periods,  mean  motion 
of  matter  at  different  latitudes  in  1887;  sixth,  relative  atti- 
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tudes  of  different  Jovian  markings,  and  seventh,  on  the  le- 
[)ellent  influence  apparently  exerted  by  the  Red  Spot. 

By  a  mere  glance  at  these  topics,  it  will  he  seen  at  once 
that  the  author  is  dealing  with  themes  on  which  the  student 
of  astronomy  desires  knowledge,  and  hence  new  and  tisefal 
studies  will  be  most  welcome  everywhere.  The  latitude  of 
the  different  belts  in  the  first  plate  are  said  to  be  not  fully 
satisfactory  because  determined  from  a  limited  number  of 
drawings  of  the  entire  disk  of  Jupiter,  and  that  it  should  be 
remembered  in  comparing  these  drawings  with  others  that 
the  maps  are  reduced  to  some  particular  date  and  show 
the  face  of  the  planet  as  seen  at  that  date.  This  is  important 
if  the  reader  remcml>ers  that  the  equatorial  spots  make  a 
complete  revolution  on  the  surface  of  the  planet,  relatively 
to  the  Red  Spot,  in  an  interval  of  45  days. 

In  the  body  of  this  book  there  is  much  of  detail  in  relation 
to  the  north  and  south  temperate  and  e(|tiatorial  spots,  the 
study  of  which  give  strong  hints  of  physical  characteristics 
of  prominent  surface  markings,  especially  that  of  the  Great 
Red  Spot  which  has  attracted  so  much  attention  everywhere 
since  1879.  The  accompanying  lithographic  plates  are  ex- 
cellent features  in  the  author's  plan,  and  if  accurate  would 
be  invaluable  for  future  reference.  The  first  plate  is  12  inches 
by  5'/i  showing  a  zone  of  belts  and  spots  to  50^  north  and 
south  of  the  Jovian  equator.  The  remaining  seven  full  page 
plates  show  different  phases  of  the  more  prominent  markings 
observed  during  the  period  of  their  studies.  Our  reoden 
will  he  interested  to  compare  this  work  with  that  so  wdl 
done  by  Professor  Hough,  of  Dearborn  Observatory,  now 
located  at  Eranston.  111. 

This  book  is  certainly.a  valuable  contribution  to  the  study 
of  the  Giant  Planet  that  Americans  will  appreciate. 


The  National  Magazine  is  the  name  of  a  new  literary  ven- 
ture  of  Chicago,  which  begins  with  October  number.  Iti» 
published  under  the  auspices  of  the  new  ■"National  I'mver- 
sity,"  which  oi>ens  October  1st,  of  which  it  is  organ.  The 
first  number  will  contain  articles  on  literarj-,  educationaU 
and  scientific  subjects,  and  a  prosi»ectus  of  the  University 
which  is  said  to  be  modelled  after  the  London  I'nivenriti^ 
and  has  extensive  non-resident  courses,  teaching  many  snb 
jects  by  mail.     Published  at  182  Clark  Street.  ~ 
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RECENT  SCOTTISH  METEOROLOGY    COMPARED    WITH   SIMUL- 
TANEOUS  SUN-SPOT  CYCLES. 


BY   C.   PIAZZl   SMYTH.* 


For  TBS  MStSBNORB. 

When  Professor  Wm.  W.  Payne,  in  his  able  catering  for 
the  growing  public  of  his  "Sidereal  Messenger,"  was 
pleased  to  honor  me  with  a  request  for  a  compendious  ac- 
count of  my  rather  over-long  paper  on  the  above  subject, 
printed  last  year  in  the  Transactions  of  the  R.  Society,  Edin- 
burgh; and  to  flatteringly  assure  me  that  the  deductions 
which  I  brought  out  there  would  "interest  readers  in  Amer- 
ica, who  have  been  giving  some  attention  to  phenomena  of 
that  kind,"  I  felt  it  even  a  double  duty,  to  endeavor  to  do 
what  I  could.  For  over  and  above  all  present  claims  and 
interests,  I  am  old  enough  to  remember  the  whirlwind  of  ex- 
citement with  which,  some  fifty  years  ago,  all  the  leading 
phisicists  of  Great  Britain  received  their  Colonel  Reid's  ac- 
counts of  your  Mr.  Redfield's  •  explanations  of  the  West 
Indian  hurricanes;  and  of  the  greater  British  storms  as 
those  huricanes'  later  dying  efforts  after  traversing  over 
nearly  half  the  world  in  an  orbital  path  of  pre-ordained  and 
regular  kind.  For  out  of  such  a  combination  of  British, 
with  American,  observations,  the  generous  sentiments  of  all 
the  best  of  our  scientist  kind  leaped  at  once  in  hope  to  the 
firm  conclusion  that  meteorology  so  pursued  had  a  grand 
future  before  it,  and  might  become  one  of  the  highest,  and 
even  most  cosmical,  of  the  sciences. 

Yet  is  it  doomed  to  begin  with  local  details  even  of  the 
pettiest  kind.  And  I, — having  had  officially  such  observa- 
tions to  the  extent  of  many  millions  pass  through  my 
hands,  for  ordinary  computation,  and  for  furnishing  out 

*  Late  Astronomer  Royal  for  Scotland. 
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government  reports  on  the  health  of  the  people,  every 
month,  and  every  quarter,  year  after  year  and  for  upwards 
of  thirty  years, — considered  it  in  honor  incumbent  upon  me, 
before  resigning  in  old  age  my  national  office,  to  put  all 
those  almost  innumerable  observations  together  on  a  gen- 
eral principle,  and  compare  any  symptoms  of  progress 
amongst  them,  with  the  course  of  physical  phenomena  in 
that  great  enlightening  and  necessarily  ruling  orb,  the  sun. 

The  only  novelty  here  was  in  the  particular  mass  of  mete- 
orological observations  discussed ;  viz.,  bi-diumal  notations 
of  some  twenty  different  instruments  on  phenomena  at 
fifty-five  different  stations  in  Scotland,  throughout  all  the 
years  1856  to  1887  inclusive.  For  the  connection  of  some 
mundane  meteorology,  as  well  as  magnetism,  with  the 
central  and  most  visible,  though  still  little  understood  eleven 
year  spot-cycle  of  the  sun,  had  begun  long  before  in  other 
countries;  and  many  names  of  American,.  English,  Irish, 
Swiss,  German  and  other  scientists  have  been  rendered 
famous  forever  by  their  labors  therein,  though  they  them- 
selves in  too  many  cases  have  now  passed  away. 

THE  FIRST  EDINBURGH  SUN-SPOT  ENQUIRY. 

Indeed,  even  in  Edinburgh,  we  had  had  some  previous  ex- 
perience bearing  on  the  same  question ;  and  as  touching  the 
disagreements,  as  well  as  agreements,  of  those  earlier 
Sottish  labors  with  those  of  other  researches  at  the  same 
times,  a  few  words  may  well  be  expended  now,  before  com- 
ing to  the  later  observations  and  dates  more  particularly 
called  for  in  these  pages. 

That  earlier  Edinburgh  essay  for  comparing  local  weather 
at  one  little  point  onW  on  the  earth's  surface  with  sun-spot 
cycles,  ruling,  if  at  all,  the  entire  globe,  had  the  limitation 
of  depending  almost  entirely  on  temperature  alone;  but  that 
in  a  first  rate  manner.  For,  from  1836  to  1876,  there  were 
weekly  observations  of  four  grand  thermometers  with  their 
bulbs  sunk  into  the  rock  of  the  Observatory  hill,  at  the  suc- 
cessive depths  of  3,  6,  12,  and  24-  feet  respectiveh'.  The  re- 
sults, too,  thence  derived,  were  found  capable  of  so  much 
solidity  of  proof  that  attempts  were  made  to  connect  with 
them  the  temperature  observations  of  the  air  by  ordinary 
meteorological  observers,  for  the  still  earlier  dates  of  1821 
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down  to  1835,  or  from  five  vears  before  the  immortal  sun- 
spot  cycle  observations  and  discoveries  of  M.  M.  Schwabe 
and  Wolf,  to  the  establishment  of  the  rock  thermometers  on 
the  Edinburgh  Observatory'  hill  by  the  late  Professor  James 
David  Forbes. 

Now  the  first  result  of  bringing  together  the  Edinburgh 
temperatures  and  the  mightj'  sun-spot  cycles  for  those  fifty 
j-ears  in  all  was,  I  am  afraid,  a  disappointment  to  the  Ob- 
servatories of  Greenwich  and  Kew,  to  the  British  Associa- 
tion, and  many  of  its  then  living,  most  able,  members  now 
alas,  no  more;  as  Warren  de  la  Rue,  J.  Alan  Brown, General 
Sabine,  Professor  Balfour  Stewart  and  many  others, — for 
there  was  no  immediate  and  simultaneous  likeness  in  the 
curves  of  our  thermometers  and  the  sun-"spot  numbers  as 
furnished  from  various  acknowledged  sources.  (See  a  plate 
three  feet  long  in  the  Transations  of  R.  Society,  Edinburgh, 
Part  II,  Vol.  XXIX  for  1879-1880;  also  the  xiii'th  Vol.  of  the 
Edinburgh  Observations  published  in  1871.) 

But  while  the  eleven-year  cycle  of  sun-spots  was  repeated 
five  times  clearh-  in  those  fifty -six  years  and  still  more  con- 
spicuously three  times  in  the  last  thirty-four  of  them ; — it 
was  preciseh'  in  this  latter  period  that  the  Edinburgh  rock 
thermometers  also  were  most  emphatic  in  showing  a  cycle 
of  the  same  peculiar  duration,  but  not  coinciding  even  in  its 
solitar>'  maximum  with  the  date  of  anv  one  maximum,  or 
minimum  either,  of  any  eleven  year  cycl^  of  sun-spots ;  but 
appearing  some  two  or  three  years  after  the  beginning  of 
each  new  cycle  of  spots. 

The  diflFcrence  might  indeed  have  admitted  of  simple  ex- 
planation, had  it  stood  b\'  itself;  but  it  was  accompanied  by 
the  further  feature,  that  though  the  seasonal  variations  of 
temperature  had  been  eliminated  by  calculation,  yet  the 
course  of  super-annual  temperature,  in  place  of  a  nearly  uni- 
form rise  from  minimum  to  maximum^  and  then  a  similar 
fall  from  maximum  to  minimum,  exhibited  little  but  series  of 
successive  undulations  of  short  period,  say  from  1.5  to  3 
years;  and  it  was  these,  sometimes  running  together  which 
raised  their  maxima,  as  well  as  depressed  their  nearest 
minima,  be^'ond  the  average;  while  at  other  times  of  half 
period  they  decreased  both  the  one  and  the  other.  Yet 
never  so  peifectl3'  as  to  exhibit  the  true  course  of  aerial  tem- 


perature  (which  the  deep  rock  thermometers  showed  nioS?^ 
incontestably  had  smote  the  earth  from  the  outside,  orfrotn 
the  heavens  towards  the  inward  terrestrial  parts), as  a  dead 
level,  but  proved  it  a  never  ending,  tumultuous  motion  of 
waves  following  waves. 

With  such  varied  and  compound  orders  of  interferences 
too,  that  besides  four  nearly  eleven-year  maxima,  each  of 
two  or  three  years,  duration  at  the  central  epochs  of: 

1834 

1846 

1857  and 

1868  

it  was  quite  plain  that  the  1857  maximum  of  temperatnve 
rose  far  above  the  two  preceding,  as  well  as  the  one  follow- 
ing maximum.  Also  that  nothing  so  low  as  the  grand  mini- 
mum of  the  temperature  curve  in  1836  had  been  experienced 
in  the  whole  fifty-six  years  under  study.  Whence  all  men 
are  led  anxiouslj-  to  enquire,  when  is  likely  to  take  place  the 
next  equally  low  minimum  to  that  of  1836,  and  the  equally 
high  and  long  continued  heat  period  of  1857,  or  concurrence 
of  temperature  undulations  of  a  more  signal  and  rarer  kind 
than  each  and  every  eleven-year  cycle  can  show?  Some 
vague  surmises  had  imagined  that  sixty-one  years  might  be 
the  time  of  a  restoration  of  the  earthly  temperature:  and 
there  were  lately  some  remarkable  coincidences  between 
1825  and  1886,  1826  and  1887,  as  well  as  1827  and  1888. 
But  a  great  depression  chronicled  in  1822-23  was  not  re- 
peated in  1883  and  1884;  nor  is  it  likely  from  the  verj' 
nature  of  wave  effects,  that  the  practical  results  should  run 
long  together.  Alas  that  the  science  of  the  world  has  lost 
that  bom  genius  for  undulation  mathematics,  your  Prof- 
essor Pliny  Earle  Chase,  of  Haverford  College,  Pa.,  who 
seemed  more  fitted  and  inclined  for  such  calculations  than 
almost  any  other  scientist  of  his  time  1  But  it  was  not  to  be, 
and  in  the  n.idst  of  the  void  which  his  departure  occasioned, 
I  attempted  to  report  anew  on  tlie  sun-spot  bearings  of  the 
observations  of  the  Meteorological  Society  of  Scotland  from 
1850  to  1887  or  those  exactly  which  Professor  Paj-ne  now 
inquires  after, 

THE    SECOND    EDINBURGH    SUN-SPOT    E,\QIIIRV. 

The  period  therein  concerned,  it  will  be  seen,  was  rather 
short ;  viz.,  not  quite  three  of  the  eleven-year  cycles,  imd  only 
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half  the  possible  sixty-one-year  cj'cle.  But  the  value  as  well 
as  the  peculiarity  of  the  occasion  chiefly  resided  in  this,  that 
the  terrestrial  portion  of  the  observations,  instead  of  being 
by  a  single  observer  on  one  hill  top,  were  by  fifty-five  ob- 
servers spread  all  over  Scotland  and  the  Isles  thereof;  and 
instead  of  being  confined  to  temperature  alone,  were  equally 
directed  to  a  large  variety  of  physical  influences;  while 
it  was  still  to  be  proved  by  practical  test,  which  of  those 
several  observable  quantities  might  be  more  immediately  in 
touch  with  sun-spot  variations. 

At  the  time,  indeed,  of  beginning  this  second  enquiry  in 
Edinburgh,  I  was  informed  by  high  authority  that  the  sun- 
spots  had  lost  their  influence,  and  that  no  one  believed  in 
them  now  as  aflFecting  the  weather. 

But  the  undulation  idea  given  by  the  earlier  enquiry,  led 
me  to  take  more  note  of  the  difference  of  one  sun-spot  cycle 
from  another.  Whence  it  immediately  appeared  that  while 
the  cycle  from  1856  to  1867  had  been  a  more  than  fairly  or- 
dinary one;  that  from  1867  to  1878  had  been  one  of  acute 
confluences;  while  that  from  1878  to  1887  (probably'  to  end 
in  1890)  had  been  one  of  a  miserably  weak  beginning;  much 
disturbed  too,  as  well  as  depressed,  throughout.  And  an 
idea  of  the  extent  to  which  these  diflFerences  were  carried  bj- 
nature,  and  established  by  observation,  may  be  described 
thus, — 

Every  sun-spot  cycle  yet  chronicled  has  the  front  of  its  un- 
dulation steeper  than  the  rear;  testifying  to  the  greater 
energy  of  the  solar  radiations  in  that  earlier  part  of  the 
cycle;  or  when  there  is,  mirabile  dictu,  more  nearly  a  mini- 
mum than  a  maximum  of  visible  sun-spot  area. 

And  every  c^xle  similarly  recorded,  testifies  also  to  the 
occurrence  of  another,  though  smaller,  outburst  of  energy  in 
the  course  of  the  longer  d\'ing  out  of  the  principal  wave; 
sometimes  single  as  in  our  first,  and  probably  in  the  third 
eleven-vear  wave;  sometimes  double  as  in  the  second. 

But  while  the  first  of  these  three  particular  waves  has 
nearly  the  normal  steepness  of  front,  viz. :  4  years  of  rise  to 
7  years  of  fall,  and  a  maximum  height  of  220  new  spot 
groups;  the  second  of  our  three  waves  rushes  up  in  the 
short  period  of  only  three  years,  and  then  to  the  xmparal- 
leled  height  of  280  groups,  but  takes  8  years  to  decline 
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therefrom.  While  the  third  wave  is  feeble  and  sluggish  be- 
yond example,  employing  5Vi  years  tn  rise  slowly  to  its 
maximum,  and  that  a  poor  one  of  only  160  groups. 

No  distinct  and  equal  recurrence,  therefore,  was  to  be  ex- 
pected in  the  weather  of  each  of  those  three  eleven-year 
periods;  but  there  might  be  sufficient  diflFerence  in  the  sun- 
spot  elements  to  establish  a  dependent  diflFerence  in  the 
earthly  simultaneous  experiences. 

To  this  end  the  sun-spot  numbers,  as  collected  at  Kew  Ob- 
servatory since  Mr.  Schwabe*s  death,  were  projected  on  a 
uniform  scale  for  each  year  concerned ;  while  underneath,  for 
the  same  years,  were  projected  the  mean  annual  results  of 
23  diflFerent  kinds  of  meteorological  observations,  as  thus,— 

(1).  Barometric  pressure.  (2).  Monthlj'  range  of  above.  (3).  Mean 
temperature  in  shade.  (4).  Dail^' range  of  shade  temperature.  (5).  Black 
bulb  thermometer  by  day.  (6).  Black  bulb  by  night.  (7).  Humidity. 
(8).  Elastic  force  of  vapor.  (9).  Days  of  rain-fall.  (10).  Annual  depth  of 
rain.  (11).  Strength  of  wind.  (12).  Days  of  north  wind.  (13).  Days  of 
east  wind.  (14).  Days  of  south  wind.  (15).  Days  of  west  wind.  (16). 
Hours  of  sunshine.  (17).  Daily  percentage  of  cloud.  (18).  Aurora. 
amouut  and  extent.  (19).  Lightning,  amount  and  extent.  (20).  Mean 
maxima  of  shade  temperature.  (21).  Mean  minima  of  shade  temperature. 
(22).  Elevation  above  freezing  point.  (23).  Depression  below  freezing 
point. 

TEMPERATURE  CONNECTIONS  AGAIN. 

On  looking  over  all  these  plates  it  was  easy  enough  to  rec- 
ognize the  chief  temperature  characteristics  of  the  earlier 
enquiry  coming  out  again,  though  in  degree,  and  more  dis- 
turbed b\'  rapid  undulations  than  the  older  deep-sunk  ther- 
mometers. Also  that  the  chief  manifestations  of  terrestrial 
air- temperature  were  by  no  means  simultaneous  with  the 
greatest  tabulated  areas  of  sun-spots ;  but  were,  on  the  con- 
trar3%.  singularly  coincident  with  something  that  rapidly 
took  place  in  the  sun,  during  the  first  or  second  year  only,  or 
near  the  very  beginning  of  each  new  eleven-year  c^xle  of 
spot-making  and  growing;  and  testif>nng  to  a  violent  varia- 
tion of  the  solar  radiating  ener^i^y  then  taking  place. 

But  this  great  excess  of  heat,  which  cliiefl3'  took  place  in 
1857  and  the  times  of  our  first  cycle,  did  not  prevent  its 
being  followed  by  an  almost  equalh'  marked  depression  of 
temperature  in  1860.  And  if  the  maximum  temperature  of 
the  second  cvcle  in  1868  was  a  small  one,  so  was  also  the 
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following  minimum.  While  in  the  third  cycle  the  maximum 
heat  undulation,  while  still  \nsible  at  the  important  epoch 
for  starting  a  new  set  of  undulations,  viz.,  1.5  years  after 
the  sun-spot  maximum,  was  almost  lost  and  swallowed  up 
between  two  of  the  deepest  temperature  depressions  on 
either  side  of  it. 

In  short,  all  the  earth-felt  but  sun-derived  temperature — 
(and  derived,  not  from  accumulated  "spotted  area"  of  the 
sun's  surface  so  carefully  observed  by  certain  astronomers, 
but  from  some  invisible  radiation  at  the  time  of  almost  min- 
imum of  spots,  said  spots  themselves  being  further  shown 
b^  spectroscopy  to  be  a  cooler  region  than  the  rest  of  the 
sun's  photosphere) — was  on  a  long-continued  down-grade, 
extending  and  felt  more  or  less  through  all  the  three  eleven- 
j'ear  cycles,  or  whole  period  of  thirty-two  years.  Not,  how- 
ever, bespeaking  thereby,  or  proving  a  dying  out  of  the  sun's 
heat,  sensible  in  so  short  a  space  of  time ;  but  merely  indi- 
cating the  approach  of  a  minimum  of  long  period,  like  that 
of  1836;  and  afterwards  a  rise  like  that  of  1857.  See  our 
first  Plate,  its  top  horizontal  compartment  representing  the 
three  crucial  sun-spot  cycles  between  1856  and  1887,  and  its 
second  compartment  representing  the  mean  shade  tempera- 
ture of  Scotland  for  the  same  vears. 

BAROMETRIC  CONNECTIONS. 

The  next  most  remarkable  dependence  on  a  new  sun-spot 
eleven-\'ear  c\xle's  beginning,  but  occuring  rather  later,  or 
more  nearly  with  the  growth  of  spotted  sun  area,  than  the 
temperature  shock, — sav  in  the  vears  1860,  1870  and  1881, 
instead  of  1857,  1868,  1880, — is  found  first  in  the  projec- 
tion of  barometric  pressure,  and  then  and  still  more  remark- 
ably, in  that  of  the  monthly  range  of  that  same  kind  of 
pressure. 

Now  this  is  an  important  double  result  to  have  arrived  at 
because  the  barometer  is  the  most  accurate,  far-reaching 
and  trustworthy  instrument  which  meteorologists  possess. 
It  is  one,  too,  with  which  it  is  almost  impossible  to  make  a 
bad  observation  for  absolute  height;  while  for  variation,  or 
range  of  height  in  the  course  of  a  month,  no  prejudice  can 
well  exist  in  the  mind  of  the  observer;  and  the  numbers 
chronicled,  refer  to  something  in  the  air  invisible  to  the  eye 
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impreceptible  to  the  feelings  and  yet  allowed  by  scientists  to 
be  at  the  base  and  root  of  all  meteorology.  Bt^t  for  testi- 
mon3'  of  the  now  proved  concurrence  of  a  certain  kind  be- 
tween the  barometric  and  the  eleven-year  cycle  of  sun-spots, 
please  to  look  again  at  our  first  Plate,  where  the  third  and 
lowest  compartment  represents  barometric  pressure  com- 
bined with  three  times  its  value  of  the  monthly  range 
thereof,  and  greatly  var^'ing  with  each  of  those  three  diverse 
and  yet  related  C3'cles  of  solar  appearances  turned  towards 
the  earth. 

In  fact  the  variations  inter  se  of  three  sun-spot  cycles, 
which  cover  the  duration  of  all  the  Scottish  Meteorological 
Society's  observations  discussed  at  the  R.  Observatory, 
Edinburgh,  are  a  most  fortunate  differential  feature  to  as- 
sist in  the  present  investigation;  and  we  have  not  to  go 
much  furthur  in  our  research  before  alighting  on  another 
meteorological  curve  which  intensifies,  while  it  exactly 
synchronizes  with  the  excess  and  acuteness  of  the  energy 
outburst  displa3'ed  in  the  second  sun-spot  cycle's  curve,  ex- 
tending from  1867  to  1878;  and  equally  confirms  the  de- 
plorable want  of  energy  at  the  right  time  revealed  in  the 
third  one. 

AURORAL  AND  WIND  CONNECTIONS. 

This  singularly  confirming  curve  is  that  of  aurora,  its 
frequency  and  extent;  or  the  number  of  times  seen,  and  the 
number  of  stations  reporting  it  each  time.  And  if  the  first 
of  the  three  sun-spot  cycles  is  not  very  conspicuously  marked 
with  aurora,  it  is  largely  due  to  the  want  of  a  sufficient 
number  of  trained  observers  at  that  beginning  of  the  Scot- 
tish Meteorological  Society's  activities,  so  that  neither 
aurora  nor  lightning  were  observed  during  the  beginning  of 
the  first  C3xle,  sav'  1857  to  1860,  though  very  steadih'  ever 
afterwards. 

Further  the  ** strength  of  the  wind*'  curve,  responds  sen- 
sibl\%  though  inversely  to  the  auroral  curve.  So  that  during 
years  of  abundant  auroral  display,  the  winds  were  mod- 
erate in  force  or  velocity,  and  chiefl3'  from  the  west.  But 
when  Auroras  left  us  in  darkness  on  moonless  nights,  the 
winds  became  more  violent,  and  verged  to  east  and  north, 
as  testified  by  their  curves  for  *' Direction.'* 
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lightning's   connection   with   aurora  and  sun-spots  if 

time  be  allowed. 

But  there  is  a  more  accentuated  connection  still  with  Au- 
rora, though  by  opposition,  in  the  lightning  curve,  observed 
in  the  same  manner  as  the  aurora.  For  the  very  maximum 
demonstration  of  Aurora  is  exactly  coincident  in  time,  with 
the  very  minimum  of  lightning,  and  vice  versa;  but  with 
the  curious  feature  of  the  lightning's  variation  taking  place 
directly,  so  nearly  two  years  after  the  variations  of  the  Au- 
rora, that  if  the  latter  are  combined  with  the  lightning  re- 
turns two  years  before  they  took  place  (or  as  if  Aurora,  once 
emitted  into  the  terrestrial  atmosphere,  requires  two  3rears 
before  it  is  changed  into  lightning),  the  original  Aurora 
curve  has  all  its  chief  features  remarkably  intensified ;  espec- 
ially its  acute  rise  in  1870,coincidently  with  the  similar  feat- 
ure of  the  second  sun-spot  cycle. 

For  the  pure  and  simple  curves,  however,  of  Aurora  first, 
and  then  lightning,  please  to  see  our  Plate  2,  its  horizontal 
sections  two  and  three  from  the  top.  And  if  you  should  fur- 
ther ask  why  we  have  not  of  late  been  having  any  of  those 
magnificent  displays  of  Aurora  which  were  so  frequent  in 
1869,  '70,  '71  and  the  beginning  of  '72,  the  want  of  spot- 
forming  energy  in  the  present  (or  the  third)  sun-spot  cycle  is 
the  nearest  phenomenon  to  the  real  cause  which  can  be 
quoted  from  crude  observation. 

Clova,  Ripon,  England,  August  15, 1889. 


METEORS  AND  METEORITES. 


W.    H.    S.    MONCK. 
Fur  Thb  Mbsskngrk. 

The  promulgation  of  Mr.  Norman  Lockyer's  theory-  of  the 
origin  of  the  stars  has  caused  astronomers  to  devote  more 
attention  to  the  subject  of  meteors  and  meteorites.  I  do 
not  propose  to  discuss  this  theory'  in  the  present  article,  but 
only  to  give  a  short  summary  of  what  is  known  on  the  sub- 
ject. 

By  meteorites  I  mean  solid  bodies  which  have  fallen  to  the 
earth,  whatever  their  origin  may  be ;  by  meteors,  the  shoot- 
ing stars  that  flash  for  a  few  moments  in  our  night  sky  and 
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then  vanish.  To  one  or  other  of  these  heads  what  tc/C- 
termed  ferolites.  fire-balls,  bolides,  etc.,  may  be  referred.  The 
term,  fire-ball,  for  instance,  is  usually  applied  to  a  meteor  of 
unusual  magnitude  and  brilliancy,  Mr.  Lockyer's  sixclro- 
scopic  observations  were  made  with  meteorites  as  thus  ex- 
plained. Konkoly  and  a  few  others  have  endeavored  to 
analyze  the  spectra  of  meteors,  but  the  task  is  one  of  great 
difficulty.  The  first  question  to  be  considered  is:  Are  met- 
eorites merely  meteors  which  from  some  cause  have  escaped 
dissipation  in  the  atmosphere,  or  are  they  bodies  of  a  diflfer- 
ent  origin  ? 

There  is  a  good  deal  to  be  said  on  both  sides  of  this  ques- 
tion. On  the  one  hand  it  is  urged  that  meteors  as  a  nik  are 
dissipated  at  great  heights  in  the  atmospheric,  having  been 
intensely  heated  before  dissipation ;  whereas  meteorites  were 
not  only  in  the  solid  condition  when  they  fell,  but  did  not 
appear  to  be  very  highly  heated — some  apparently  not  be- 
ing even  red  hot.  As  the  heating  is  due  to  the  resistance  of 
the  atmosphere  which  is  greatest  in  the  dense  regions  near 
the  earth,  this  remarkable  difiference  in  the  temperature  of 
meteors  and  meteorites  points  to  a  difference  of  velocity  so 
great  as  to  suggest  a  different  origin. 

Again  it  is  urged  that  no  meteorite  has  been  connected 
«ith  any  of  the  great  meteor-showers  recognized  by  ol>serv. 
ers,  —  especialh'  with  those  in  which  the  velocity  of  the  mov- 
ing meteors  is  known.  Finally,  meteorites  exhibit  traces  of 
volcanic  origin,  and  seldom,  if  ever,  exhibit  any  cher 
constituents  which  are  not  found  on  the  earth;  and 
suppose  terrestrial  volcanoes  to  have  been  more  power 
past  aires(aiid  considering  the  height  to  which  the  KraUt 
dust  ascended,  and  the  time  which  it  remained  suspended  tn 
the  air  the  difference  may  not  be  very  great),  the  slones  shot 
from  these  volcanoes  would  revolve  in  orbits  intersecting 
the  earth's  orbit,  with  velocities  little  different  from  that  of 
the  earth.  On  the  other  hand  it  may  tie  said  that  some  nwl- 
coritcs  appear  to  have  been  highly  heated  when  they  fcU; 
that  some  have  been  connected  to  a  high  degree  of  probabil- 
ity with  well-known  nieteor-showcrs;  that  some  meteors, 
especially  6re-balls,  have  been  dissipated  at  comparativelv 
small  lieights;  that  the  fall  of  meteorites  has  often  beco 
preceded  by  detonation,  and  detonations  arc  quite  common 
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in  the  case  of  large  meteors  which  approach  pretty  near  the 
earth  before  dissipation,  though  their  velocity  is  evidently 
considerable  and  their  heat  intense ;  with  other  similar  reas- 
ons. One  of  the  latest  meteorites  (known  as  the  Mazapil 
meteorite)  favors  the  latter  theory.  It  was  evidently  very 
highly  heated  when  it  fell,  and  there  are  strong  reasons  for 
identifying  it  with  the  well-known  meteor  shower  which  fol- 
lows in  the  track  of  Biela's  comet.  It  is  worth  mentioning, 
however,  that  the  Bielan  meteors  are  about  the  slowest  of 
known  meteor-showers,  while  the  Mazapil  meteorite  was 
one  of  the  most  highly  heated  of  meteorites. 

Should  the  late  Mr.  Proctor's  theory  of  the  ejection  of 
comets  and»  meteors,  not  only  from  the  stars,  but  from  the 
sun  and  planets  (when  in  the  sun-like  state),  be  finally  ac- 
cepted, it  will  go  far  towards  reconciling  these  conflicting 
views.  Meteors  and  meteorites  will  then  belong  to  the  same 
class,  but  as  earth-born  or  planet-bom  meteors  are  likely  to 
be  moving  with  less  velocity  than  star-bom  meteors,  they 
are  more  likely  to  fall  to  the  earth  in  the  solid  form  as  me- 
teorites. The  chemical  composition  of  a  meteor  will,  ac- 
cording to  this  view,  depend  on  the  chemical  composition  of 
the  body  from  which  it  was  ejected,  and  there  is  some  risk  in 
drawing  general  conclusions  from  either  the  chemical  com- 
position or  the  spectra  of  meteorites  unless  we  know  from 
whence  they  came.  The  Mazapil  meteorite  would  be  an  in- 
teresting one  to  experiment  upon  from  our  comparative  cer- 
tainty as  to  its  origin;  but  even  then  the  question  remains 
whether  Biela's  comet  was  an  original  member  of  the  solar 
system  (ejected  from  Jupiter  as  Mr.  Proctor  thought),  or  a 
wanderer  from  space  which  Jupiter  captured. 

With  respect  to  meteors  it  is  well  known  that  they  ap- 
peared to  come  in  showers  emanating  from  particular  ra- 
diant points,  which,  allowing  for  the  effects  of  perspective, 
means  that  they  come  to  us  from  the  same  direction,  just  as 
the  clouds  usually  appear  to  diverge  from  one  point  on  the 
horizon  and  converge  to  the  opposite  point.  As  to  their 
motion  being  in  right  lines  the  very  small  portion  of  the 
path  which  we  see  them  describe  could  hardly  exhibit  the 
curvature  of  the  real  orbit.  If  observers  at  two  distant 
places  observe  the  points  where  the  meteor  appears  and  dis- 
appears its  height  above  the  earth  at  appearance  and  disap- 
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pearance  can  he  computed  (assuming  the  points  to  be  the 
same).  When  it  is  vaporized  or  dissipated  in  the  atmosphere 
the  points  of  disappearance  are  almost  certainly  identical, 
but  as  to  the  point  of  first  appearance  there  must  always  be 
some  uncertainty.  If  the  duration  of  the  flight  is  also  ob- 
served we  can  comptite  the  velocity,  but  here  again  there  arc 
considerable  chances  of  error.  The  radiant  point  of  n 
shower  is  found  by  tracing  the  paths  of  the  meteors  on  a 
globe  or  map  and  fmding  the  points  of  intersection.  But  of 
course  every  point  where  the  paths  of  two  meteors  meet  is 
not  a  radiant.  It  is  only  when  the  paths  of  several  meteors 
pass  through  a  point  that  a  radiant  can  be  positively  as- 
signed. They  seldom  however  pass  exactly  through  a  point 
and  the  radiants  determined  by  difl'erent  observers  for  the 
same  shower  often  differ.  Nevertheless  the  coiocidcncrc  is 
sufficiently  close  to  show  that  a  large  number  of  meteors 
frequently  come  to  us  very  nearly  in  the  same  direction  and 
thus  belong  to  a  common  system. 

Enorranus  velocities  indicating  strongly  hyperbolic  orbits 
were  formerly  assigned  to  some  meteors  or  fire-balls,  hot 
since  observations  have  been  made  with  greater  care  such 
velocities  have  been  rarely,  if  ever,  observed.  An  important 
step  was  subsequently  taken  by  obser\'ing  that  certain 
meteors  followed  in  the  track  of  certain  comets  and,  in  some 
instances,  at  least,  exhibited  the  same  periodicity  as  the 
comet  itself.  The  best  known  instance  is  that  of  the  Novem- 
ber Leonid  meteors  which  follow  the  track  of  the  comet  of 
1866  and  attain  a  maximum  every  thirty-three  or  thirty- 
four  years,  that  being  also  the  period  of  the  comet.  These 
meteors  have  a  verj'  high  velocity  in  the  air  (not  less  than 
forty-four  miles  per  second)  because  the  motion  of  the 
comet  is  retrograde  and  the  inclination  of  the  orbit  not 
being  large,  the  earth  and  the  meteor-shower  are  moving 
very  nearly  in  opposite  directions  at  the  time  of  their  en- 
counter. Hence  this  grandest  of  meteor-showers  has  not 
been  known  to  produce  a  single  meteorite.  There  is.  bow- 
ever,  a  second  November  meteor-shower  more  favorably  sit- 
uated for  that  purpose.  It  follows  the  track  of  Biela's 
comet  whose  motion  is  direct  and  inclination  Bniall.  so  tyat 
the  velocity  of  the  meteors  is  only  about  one-fourth  of  that 
of  the  Leonids.    It  is  to  this  shower  that  the  Mazapil  mtt- 
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eorite  probably  belonged.  Two  other  known  meteor-show- 
ers have  been  in  like  manner  connected  with  comets, — the 
Lyrids  of  April,  and  the  Perseids  of  August.  Any  other 
identifications  hitherto  made  must  be  regarded  as  very 
doubtful. 

How  are  these  meteors  related  to  the  corresponding 
comets?  As  3'et  we  do  not  know.  It  is  to  be  observed, 
moreover,  that  in  speaking  of  them  as  following  the  tracks 
of  comets  we  are  not  quite  correct.  If  they  followed  the 
exact  track  of  the  comet  thev  could  never  enter  the  atmos- 
phere  at  all,  for  the  nearest  point  of  the  comet's  orbit  lies 
at  a  considerable  distance  from  the  earth.  What  really  oc- 
curs is  that  when  the  earth  is  making  its  nearest  approach 
to  the  comet's  orbit  we  see  a  number  of  meteors  whose  mo- 
tion is  nearly  parallel  to  that  of  the  comet  when  at  the  same 
part  of  its  orbit.  In  some  cases,  too,  these  meteors  exhibit 
a  periodicity  agreeing  with  that  of  the  comet.  But  the  Aug- 
ust Perseids  return  ever\'  year  with  apparenth^  but  little 
change  in  the  richness  of  the  shower,  so  that  the  meteors 
must  be  scattered  all  along  the  path  of  the  comet;  while 
even  when  meteor-showers  are  periodic  they  usually  appear 
in  considerable  numbers  for  two  vears  in  succession  and  in 
diminished  numbers  for  some  \'ears  before  and  after.  More- 
over, even  when  densest,  the^'  are  at  a  considerable  distance 
from  the  comet.  The  Perseids  exhibit  another  peculiarit3'; 
they  appear  a  considerable  time  before  the  earth  reaches  the 
node  of  the  comet's  orbit  and  continue  for  some  time  after 
the  node  has  been  passed.  A  possible  explanation  of  this 
fact  is  afforded  bv  the  discoverv  of  Dr.  Hock  that  there  are 
families  of  comets — comets  having  a  similar  origin  and  to  a 
large  extent  similar  orbits.  The  Perseid  meteors  are  per- 
haps attached,  not  to  the  single  comet  with  which  they  are 
usually-  associated,  but  to  a  family  of  comets  of  which  it  is  a 
member. 

It  would  be  rash  to  conclude  from  what  we  know  at  pre- 
sent that  comets  consist  of  collections  of  meteors.  The 
meteors  rather  appear,  as  a  rule,  to  follow  the  comet;  and, 
as  has  been  seen,  to  follow  it  in  a  somewhat  different  path. 
As  yet,  however,  no  meteor-comet  is  known  to  have  passed 
the  node  nearly-  at  the  same  time  that  the  earth  did  so ; 
whenever  this  occurs  we  shall  be  in  a  better  position  to  de- 
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cide  the  question.  It  seems,  however,  equally  probable  that 
CO  met -meteors  are  formed  by  the  condensatiou  of  comets' 
tails,  a  fact  which  would  account  for  their  divergence  ft*om 
the  track  of  the  comet  to  which  we  owe  their  \-isibilitj-. 
The  ascertained  fact  is  simply  that  four  known  [)erio<Iical 
comets  are  followed  by  meteor-showers  in  which  the  meteors 
are  moving  nearly  (but  not  exactly)  in  the  path  of  the 
comet. 

It  is  remarkable  that  so  few  comets  have  hitherto  been 
connected  with  showers  of  meteors.  But  it  should  be  borne 
in  mind  that,  in  numerous  instances,  the  comet  is  so  distant 
from  the  earth  at  its  nearest  approach,  that  a  meteor  at- 
tached to  it  would  be  very  unlikely  to  enter  the  atmosphere, 
A  further  difficulty  in  the  comet  theory  is  that  a  numljcr  of 
well  known  meteor-showers  do  not  appear  to  be  connected 
with  any  known  comet.  There  is  however  reason  to  think 
that  comets  are  liable  to  dissipation  (a  fate  which  seems  to 
have  overtaken  Biela's  comet)  in  which  case  the  meteor 
train  might  continue  after  the  corresponding  comet  had  dis- 
appeared. Again,  if  Mr.  Proctor's  theory  of  the  origio  of 
comets  in  ejection  should  prove  correct,  it  is  evident  that  not 
only  might  meteors  be  ejected  nearly  in  the  path  of  a  comet 
by  a  subsequent  outburst  of  activity,  but  that  meteors 
might  be  ejected  in  eruptions  where  the  conditions  for  eject- 
ing a  comet  were  not  realized.  Our  great  terrestrial  volca- 
noes eject  clouds  of  steam  (probably  not  unmixed  with  other 
gases  or  vapors)  as  \Yell  as  stones.  The  comet  may  perhajis 
be  assimilated  to  the  vapor-ejection  and  the  meteors  lo  the 
stone-ejection;  and  under  particular  circumstances  stones 
may  be  ejected  with  little  or  no  vapor  or  vice-versa.  It  thus 
becomes  doubtful  whether  we  should  go  outside  of  the  solar 
system  for  the  origin  of  any  of  the  meteor-showers  which 
we  have  been  considering.  The  Bielan  meteors  may  have 
their  origin  in  Jupiter,  the  Leonids  in  I'ranus.  and  August 
Pcrseids  in  Neptune;  but  for  the  April  Lyrids  an  ultra-Sci>- 
tunean  planet  seems  requisite.  The  existence  of  such  a 
planet,  however,  is  not  improbable  on  other  grounds. 

It  is  therefore  doubtful  whether  meteorites  can  give  us  any 
information  (otherwise  than  bv  analogy)  as  to  what  goes 
on  beyond  the  limits  of  the  solar  system.  No  doubt  if  we 
could  be  certain  that  a  meteorite  which  had  fallen^to  the 
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earth  was  a  visitor  not  only  to  us  but  to  the  solar  system 
both  its  chemical  analysis  and  experiments  on  its  light 
would  have  very  great  interest.  But  unfortunately  a  body 
is  not  likely  to  reach  the  earth  in  the  solid  form  if  its  ve- 
locity is  considerably  different  from  that  of  the  earth,  and 
where  the  difference  in  velocity  is  not  great  it  is  pretty-  cer- 
tain that  the  falling  body  is  now  a  member  of  the  solar 
system  whatever  its  origin  may  have  been.  To  obtain  cer- 
tain information  as  to  anything  beyond  the  solar  system 
from  meteors,  we  should  require  to  examine  the  spectra  of 
some  of  those  whose  velocity  proved  that  they  were  visitors 
from  external  space,  and  I  doubt  if  even  Konkoly  has  effected 
this.  Reasoning  from  analogy  it  seems  very  unlikelj  that 
meteors  exist  nowhere  except  in  the  solar  system,  but  it  does 
not  follow  that  meteors  outside  of  our  system  possess  all 
the  same  properties,  or  the  same  chemical  composition  as 
those  within  it. 

One  very  important  question  in  connection  with  this  sub- 
ject is  raised  by  Mr.  Denning's  discovery  (or  theory)  of  me- 
teors with  fixed  or  stationary  radiants.  That  Mr.  Denning 
observed  the  meteors  in  qJestion  cannot,  I  think,  be  dis- 
puted; nor  are  his  radiants  open  to  much  doubt.  The  real 
question  is  whether  the  meteors  observed  by  him  belonged 
to  the  same  meteor-flight  or  not.  Comparing  the  results  of 
different  observers  it  would  seem  that  there  is  an  uncer- 
tain t}'  of  probably  some  degrees  in  determining  the  radiant- 
point  of  a  given  meteor-shower;  and  therefore,  if  a  shower 
on  the  15th  of  April  and  another  on  the  15th  of  May  were 
recorded  as  having  the  same  radiant,  the  radiants  might 
still  be  really  different.  If  the  shower  continued  during  the 
whole  of  the  intervening  period  the  chances  against  such  an 
explanation  would  be  considerable,  but  if  it  was  intermit- 
tent the  probability  of  dealing  with  two  really  distinct 
showers  would  l>e  increased.  Everything  depends  on  the 
number  of  meteors  observed,  the  accuracv  of  the  observa- 
tions,  and  the  question  whether  they  appear  to  be  spread 
evenly  over  the  period  of  continuance  or  collected  in  clusters 
at  particular  points  of  time.  Mr.  Denning's  observations, 
however,  have  been  partially  confirmed  by  others,  while  no 
one  has  arrived  at  a  contrarv  result  bv  observation;  and 
when  his  well-known  skill  and  practice  are  taken  into  con- 
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s!deration  the  chances  are  decidedly  in  favor  of  the  exist«n«« 
of  meteors  with  fixed  or  stationary  radiant  points,  however 
they  are  to  be  accounted  for.  Their  existence,  or  apparent 
existence,  at  all  events  deserves  a  high  place  among  the  un- 
solved problems  of  meteoric  astronomy. 

The  late  Mr.  Proctor  explained  the  existence  of  snch  me- 
teors by  supposing  their  velocity  to  be  so  great  that  the 
changes  in  the  earth's  motion  produced  very  little  effect  on 
their  apparent  direction.  Mr.  Denning  is  decidedly  of  opin- 
ion that  they  do  not  move  with  this  astonishing  velocity, 
and.  in  fact,  from  the  duration  of  visibility,  etc.,  it  is  certain 
that  they  cannot  do  so  unless  the  atmosphere  extends  to  a 
much  greater  height  than  has  hitherto  been  supposed.  Mr. 
Denning,  moreover,  refers  to  some  doubly  observed  meteors 
belonging  to  the  stationary-radiant  class  whose  height  was 
by  no  means  so  great  as  Mr.  Proctor  supposed,  I  ventured 
to  suggest  that  these  meteors  had  already  been  so  impressed 
by  the  motion  of  the  air,  when  they  first  became  visible, 
that  they  appeared  to  a  terrestrial  observer  to  be  moving  in 
their  original  direction — the  actual  displacement  of  the  me- 
teor by  the  air  exactly  balancing  the  apparent  displacement, 
(supposing  that  it  had  pursued  its  original  path)  due  to  the 
spectator's  motion.  This  explanation  is  not  very  satisfac- 
tor>-,  but  I  know  of  no  better,  assuming  that  the  meteors 
in  question  really  belong  to  the  same  group  or  cluster ;  while 
if  they  do  not,  no  rational  explanation  has  hitherto  been 
"given  of  the  apparent  constancy  of  the  radiant-point  during 
a  considerable  period  of  time. 

The  question  whether  meteors  belong  to  the  solar  system, 
or  are  visitors  from  external  space,  or  whether  each  supplier 
its  quota,  is  still,  I  think,  unsolved.  But  if  any  of  them 
originate  within  the  solar  system  this  is  probably  true  of 
meteorites  or  bodies  which  fall  to  the  earth  in  the  solid 
form,  their  escape  from  dissipation  in  the  air  being  due  to 
the  very  moderate  velocity  of  their  motions  relative  to  the 
earth.  For  this  reason  I  think  wc  are  never  likely  to  meet 
with  a  meteorite  of  which  we  can  assert  positively  that  it 
once  existed  outside  the  limits  of  the  solar  system.  At  nil 
events  we  cannot  affirm  this  of  any  known  meteorite. 
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The  identification  of ^  the  precise  solar  condition  upon 
which  auroras  and  their  attendant  magnetic  storms  depend, 
requires  that  an  account  shall  be  made  of  all  the  facts 
known  in  regard  to  these  phenomena,  and  that  any  conclu- 
sions adopted  shall  be  consistent  with  these  facts.  The  fol- 
lowing article  is  a  synopsis  of  the  results  of  observations 
during  a  series  of  years  bearing  upon  various  phases  of  the 
subject,  and  justifying,  it  is  thought,  certain  conclusions  in 
regard  to  the  origin  of  the  aurora  that  are  worthy  of  note. 

Itjias  long  been  known  that  auroras  and  magnetic  storms 
increase  and  diminish  in  like  ratio  with  each  other,  and  also 
in  proportion  to  the  spottedness  of  the  sun.  When,  how- 
ever, an  attempt  is  made  to  go  further  than  this  and  study 
these  phenomena  in  detail  from  day  to  day,  instead  of  by  a 
system  of  averaging  through  extended  periods,  serious  diffi- 
culties are  encountered.  Very  often  for  days  together  spots 
are  numerous  upon  the  sun,  and  yet  there  is  no  aurora  and 
no  extraordinary  variation  of  magnetic  declination.  Like- 
wise, on  the  other  hand,  fine  auroras  are  not  unfrequently 
seen  when  the  sun  is  absolutely  devoid  of  dark  spots.  The 
problem  is  to  explain,  if  possible,  this  apparent  anomaly. 

It  requires  but  little  observation  to  show  that  something 
else  upon  the  sun  beside  the  dark  spots  is  concerned  in  the 
production  of  magnetic  phenomena,  which  often  occur  in  the 
absence  of  such  spots.  We  are  compelled  to  extend  our  in- 
vestigations further,  and  inquire  as  to  the  part  performed  by 
the  eruptions  of  glowing  vapors  known  as  the  faculae. 
Here,  as  will  appear  in  the  course  of  the  discussion,  the  re- 
sults of  such  study  are  more  satisfactory  than  in  the  case  of 
the  spots.  Carrin^on's  famous  observation  in  1859  in  re- 
gard to  an  outbreak  upon  the  sun,  which  was  coincident 
with  a  magnetic  storm  and  aurora,  certainly  had  reference 
to  a  facular  disturbance.  Professor  C.  A.  Young,  in  his 
treatise  upon  the  sun,  at  page  157  describes  another  instance 
of  similar  character,  the  disturbance  in  that  case  also  being 
facular,  although  followed  by  a  spot  appearing  by  rotation. 
Aside  from  these  two  instances  nothing  has  been  published 
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liavitig  sufficient  precision  to  be  worthy  of  notice.  In  any 
event  it  is  evident  tliat  tlie  faculfe  must  Iw  taken  into  the 
account.  Inasmuch  as  the  faculfe  and  spots  van,-  in  like 
ratio  during  any  given  period  of  sufBcient  extent,  although 
not  coincident  Ij-,  the  one  group  of  i^enomena  following  the 
other  at  an  interval  of  days  and  sometimes  weeks,  a  por- 
tion, at  least,  of  our  anomaly  has  been  explained,  namely. 
the  occasional  outbreak  of  auroras  and  magnetic  storms  at 
times  when  there  are  no  dark  spots  upon  the  sun.  Thus 
avoiding  one  difficulty  we  have,  however,  increased  another. 
The  sun  is  often  free  from  dark  spots,  but  is  scarcely  ever 
free  from  well  defined  groups  of  faculte.  Accordingly  we 
might  suppose  that  auroras  ought  to  continue  all  the  while. 

We  may  relieve  a  portion  of  the  difficulty  at  this  poipt  by 
studying  the  history  at  each  return  of  disturbances  that 
persist  through  successive  revolutions.  Through  compari- 
sons thus  made  it  becomes  apparent  that  all  solar  dis- 
turbances have  not  the  power  of  originating  magnetic 
phenomena  in  equal  degree.  Often  those  that  arc  compara- 
tively insignificant  in  appearance  nevertheless  are  very  ac- 
tive in  this  respect.  But,  even  in  the  case  of  those  that  arc 
most  active  and  persistent,  we  6nd  that  auroras  aud  mag- 
netic storms  do  not  continue  throughout  each  transit  which 
they  make  across  the  earthward  side  of  the  sun.  On  the 
contrary  auroras  and  their  associated  magnetic  perturba- 
tions are  for  the  most  part  of  comparatively  limited  dora- 
*tion. 

At  a  single  station  in  the  United  States,  as  a  rule,  the 
aurora  is  seen  for  but  one  night  at  a  time,  no  matter  how 
brilliant  it  may  have  been.  I'sually.  however,  at  each  mani- 
festation it  is  reported  from  ditfercnt  stations  for  about  four 
days.  Magnetic  storms  also  die  out  in  about  the  same 
length  of  time.  It  must  be  the  fact,  therefore,  that  soliir 
disturbances  have  the  power  of  producing  magnetic  phl^• 
noniena  during  a  very  limited  portion  only  of  their  transit 
across  the  earthward  side  of  the  sun,  and  this,  too,  in  spite 
of  the  fact  that  they  may  remain  equally  active  from  day  to 
day,  there  being  no  evidence  of  any  decided  variation  in  the 
eruptive  forces. 

Another  curious  feature  in  connection  with  the  behavior  of 
the  aurora  that  is  inconsistent  with  the  idea  that  its  brevity 
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of  duration  is  due  to  sudden  variations  in  the  explosive 
forces,  is  its  not  infrequent  regularity  of  recurrence  at  inter- 
vals closely  approximating  the  time  of  the  revolution  of  the 
sun.  Thus  the  finest  auroras  of  recent  years  have  appeared 
in  more  or  less  extended  series  twenty-six  or  twenty-seven 
days  apart.  During  the  spring  and  summer  of  1886  there 
was  a  succession  of  magnificent  auroras  at  very  nearly  this- 
interval  from  each  other,  the  dates  of  maximum  display  be- 
ing April  14,  May  8-9,  June  3-4,  June  29-30,  July  26  and 
August  23.  During  the  winter  and  spring  of  1887  there 
was  a  remarkable  double  series,  the  dates  of  maximum  dis- 
play of  one  portion  being  February  9,  March  7,  April  2-3, 
April  30,  and  May  27,  the  other  half  of  the  series  following 
at  regular  intervals  upon  dates  eight  days  later  than  those 
above  g^ven.  The  same  periodicity  is  very  common  in  con- 
nection with  smaller  displays  and  may  be  readily  shown  by 
counting  the  number  of  stations  daily  reporting  auroras  in 
the  Monthly  Weather  Review  of  the  Signal  Service  and  con- 
structing curves.  It  is  inconceivable  that  such  regularity  of 
recurrence  can  be  due  to  explosive  forces  alone.  It  looks 
very  much  as  though  the  rotation  of  the  sun  on  his  axis 
must  be  concerned.  This  being  the  case  we  need  only  to 
identify  the  particular  portion  of  each  transit  in  which  dis- 
turbances have  the  power  of  producing  auroras. 

Here,  again,  we  may  receive  aid  from  studying  the  behav- 
ior of  auroras.  As  a  rule  they  burst  forth  suddenly,  being 
most  widely  extended  at  the  outset  and  becoming  fainter, 
and  being  seen  only  at  isolated  stations  subsequently.  Such 
behavior  is  inconsistent  with  the  idea  that  solar  disturb- 
ances originate  auroras  as  they  approach  the  sun's  mmd- 
ian,  in  which  case  there  would  necessarify  be  a  gradual 
instead  of  an  abrupt  increase.  There  can  be  but  one  point 
in  the  transit  at  which  abruptness  of  beginning  can  be  satis- 
factorily accounted  for,  and  that  is  at  the  eastern  limb. 

Instituting  observations  and  keeping  a  record  in  reference 
to  this  point  it  is  found  that  there  is  a  preponderating 
weight  of  evidence  in  favor  of  the  conclusion  that  solar  dis- 
turbances originate  auroras,  when  at  the  sun's  eastern  edge 
appearing  by  rotation.  At  times  it  has  seemed  as  though 
outbreaks  located  elsewhere  upon  the  sun's  disc  had  been 
concerned,  but  by  comparing  the  record  during  successive 
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revolutions  it  has  become  apparent  in  many  such  cases  that 
some  small  dot  of  faculje  at  the  eastern  edge  was  really 
responsible;  tbis  mere  dot  at  other  returns  developing  into 
a  disturbed  area  of  vast  extent,  and  being  attended  at  each 
appearance  for  months  by  an  outbreak  of  magnetic  phenom- 
ena. Pursuing  this  method,  and  judging  as  to  the  activity 
of  disturbances  by  their  history  as  well  as  their  appearance, 
it  has  been  found  that  there  is  a  remarkable  coincidence  Ije- 
tween  the  occurrence  of  auroras  and  the  location  of  disturb- 
ances at  the  eastern  limb. 

During  the  three  years  from  April,  1886,  to  April.  1889, 
there  were  one  hundred  and  eighty-eight  well  defined  out- 
breaks of  the  aurora  in  the  United  States.  In  connection 
with  one  hundred  and  sixty-two  of  these,  observation  of  the 
sun  was  secured,  and  in  ever>'  case  a  disturbance  was  found 
upon  the  sun's  eastern  edge,  small,  it  is  true,  in  some  in- 
stances, but  larger  at  other  returns,  so  as  to  be  unmistak- 
able. There  were  also  twenty-two  other  instances  in  which 
outbreaks  appeared  by  rotation  upon  the  sun,  no  aurora 
being  reported  within  the  borders  of  the  United  States.  It 
is  possible,  however,  that  the  aurora  was  visible  at  more 
northerly  latitudes.  A  curious  feature  noted  in  these  cases 
especially,  as  well  as  in  some  others,  was  a  manifest  increase 
in  thunder-storms  as  though  they  had  taken  the  place  of  the 
aurora. 

From  these  considerations  it  follows  that  disturbances  at 
certain  points,  upon  the  sun's  surface  for  months  together, 
have  the  power  of  originating  magnetic  phenomena  when 
appearing  by  rotation  atthe  sun's  eastern  edge.  It  certainly 
is  very  remarkable  that  these  impulses  should  be  conveyed 
along  lines  tangent  to  the  sun's  surface.  It  looks  almost  as 
though  something  had  been  whirled  off  into  space  from  the 
sun,  the  earth  remaining  within  range  for  a  limited  ]>eriod 
only. 

Finally  it  may  be  remarked  that  the  magnetic  storms  a»- 
sociated  with  auroras  have  very  similar  characteristics  as 
respects  brevity,  periodicity  and  abruptness  of  beginning. 
Evidence  in  respect  to  such  storms  is  specially  important  in 
connection  with  these  studies  because  the  self  recording  in- 
struments are  not  affected  by  the  weather,  the  negligence  of 
observers,  and  the  like,  as  is  the  case  in  regard  to  auroras. 

Lyoks,  N.  Y.,  Oct.  7th,  1889. 
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THE  STUDY  OF  ASTRONOMY.* 


In  the  introductory  part  of  this  article  we  were  speaking 
of  Young's  General  Astronomy  as  a  desirable  book  with 
which  to  begin  the  study  of  astronomy.  We  then  promised 
that  later  something  would  be  said  of  the  manner  of  its  use 
to  obtain  best  results  in  laying  a  good  foundation  for  educa- 
tion in  astronomical  science.  We  know  how  difficult  it  is  to 
give  direction,  in  writing,  for  detailed  study  in  any  science, 
and  that  some  able  scholars  say  that  such  a  thing  is  wholly 
impracticable;  yet  it  is  believed  that  the  essential  points  in 
any  line  of  studj'  may  be  stated,  properly  related  and  em- 
phasized in  such  a  way  that  the  inexperienced  student  may 
receive  help  when  and  where  most  needed.  With  this 
thought  in  mind  to  guide,  we  open  this  new  text-book  and 
notice  some  of  its  prominent  topics  by  way  of  illustration. 

The  ** Doctrine  of  the  Sphere''  is  properly  first  in  order. 
An  accurate  and  a  complete  idea  of  the  celestial  sphere  is  all- 
important.  The  author  suggests  two  ways  by  which  the 
mental  picture  of  it  may  be  made  definite.  Either  seems 
equally  good  for  the  end  in  view,  and  will  serve  the  purpose 
if  pondered  and  sufficiently  applied.  In  working  out  the 
genefal  idea  of  the  celestial  sphere,  the  student  needs  a  celes- 
tial globe  or  a  wire  sphere  so  constructed  as  to  represent  all 
its  principal  parts,  for  the  sake  of  applying  definitions  and 
thereby  testing  the  statements  made  by  the  author.  This 
kind  of  exercise  will  tend  to  fix  facts  in  mind  and  lead  to  an 
exercise  of  judgment  that  will  prove,  in  time,  very  service- 
able as  a  habit  of  thought  and  clear  expression.  The  need 
of  a  globe  or  a  wire  sphere  to  connect  the  statements  of  an 
author  with  the  imaginary  lines  and  points  in  the  sky,  to 
which  he  ought  constantly  to  refer,  is  also  very  essential. 
A  powerful  imagination  will  not  be  able  to  hold  all  the 
details  of  this  great  science  in  mind  and  properly  relate  them 
and  make  a  lasting  memory  picture  of  them,  without  some 
judicious  helps  like  these  or  others  that  might  be  named. 
The  order  then  is  to  understand  and  memorize  the  defini- 
tions pertaining  to  the  celestial  sphere,  illustrate  the  same 
by  suitable  apparatus  of  home  contrivance,  or  better,  if  it 
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can  be  afforded,  and  then  transfer  the  knowledge  thus  gained 
to  the  sky,  and  familiarize  the  mind  with  it  there,  in  place, 
so  thoroughly  that  reference  to  it  may  always  be  readj', 
easy,  and  definite.  The  stndent  who  is  self-guided  in  stody 
will  be  likely  to  underestimate  the  value  and  need  of  all  this 
work  at  the  outset,  and  will  probably  soon  become  impa- 
tient and  be  tempted  to  slight  the  work  here  and  there  in 
seemingly  unimportant  particulars,  because  he  does  not 
wish  to  waste  valuable  time  in  acquiring  details  of  st>  little 
apparent  value.  Right  here  let  a  word  of  warning  be  given. 
Such  thoughts  about  the  niasterj-  of  details  in  a  chosen  pur- 
suit ought  never  to  be  entertained  by  the  student  for  one 
moment.  If  they  are  yielded  to  it  means  later  either  dam- 
aging delay  in  possible  progress,  or  utter  defeat  after  a  series 
of  weak  attempts  that  convince  him  that  he  never  had  any 
talent  for  astronomical  studies  whether  that  is  really  the 
fact  or  not.  After  considerable  experience  in  guiding  stud- 
ents in  higher  mathematical  studies,  it  is  our  plain  conw- 
tion  that  more  persons  of  good  natural  powers  fail  of  high 
attainment  in  such  studies  by  lack  of  thorough  mastcrj-  of 
elemental  principles  and  facility  in  their  application  than 
from  any  other  cause.  If  these  wortfs  shall  stimulate  any  to 
do  better  work  in  earlystudy  and  to  take  the  necessar>'- lime 
for  it,  their  purpose  will  have  been  served. 

After  the  idea  of  the  celestial  sphere  as  a  whole  is  gained, 
its  motions  ought  next  to  be  clearly  Comprehended  and  nit 
the  terms  used  in  describing  them.  In  this  the  glol>e  or 
sphere  will  he  very  serviceable,  not  only  in  showing  what 
motions  belong  to  important  parts  of  the  celestial  sphere, 
but  also  to  give  ideas  of  their  direction  and  their  relative  ve- 
locities. 

"Astronomical  Instraments"  is  the  next  general  theme 
which  this  text-book  offers  for  study,  and  a  few  of  the  more 
common  and  important  ones  arc  described. 

The  first  question  that  may  well  be  asked  by  a  student 
about  a  telescoiw.  for  example,  is  concerning  the  principles 
on  which  it  works.  How  does  the  telescope  help  the  ob- 
server? Briefly,  it  is  answered  that  the  instrument  (1)  has 
light  gathering  jjower;  (2)  it  magnifies  objects,  and  (3)  it 
has  K  measuring  apparatus  which  will  fully  use  all  the 
gathered  light  in  determining  the  places  and  dimensions  gf 
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magnified  celestial  objects.  How  the  working  parts  of  the 
telescope  unitedly  accomplish  these  objects  should  be  thor- 
oughly understood.  A  small  telescope  should  be  in  the  * 
hands  of  the  student,  if  possible,  that  the  parts  may  be  ex- 
amined and  tried  separately  and  unitedly.  There  is  no  pic- 
ture or  illustration  that  will  at  all  take  the  place  of  the 
instrument  itself.  Better  sacrifice  a  cheap  spy-glass,  if  neces- 
sary, in  order  to  understand  the  principles  of  the  instru- 
ment, in  order  to  gain  this  desirable  personal  knowledge. 
The  theories  of  all  the  parts  of  all  common  telescopes  are 
admirably  set  out  in  Young's  Astronomy,  and  if  the  student 
will  only  apply  the  knowledge  there  given  until  he  knows  it 
for  himself,  opportunities  to  use  such  knowledge  will  rapidly 
multiply. 

In  regard  to  an  elemental  knowledge  of  all  the  instru- 
ments described  in  the  second  chapter  of  this  book,  three 
things  may  be  learned  definitely : 

(1).  What  are  the  working  parts  of  each  instrument?  (2). 
What  work  is  done  by  each,  and  (3)  exactly  how  is  that 
work  done  ?  A  plan  in  study  of  this  kind  presents  finished 
steps  of  progress,  to  which  the  student  may  add  as  much 
as  he  pleases,  without  confiasion  if  full  or  detailed  study  is 
later  undertaken. 

Chapter  third  offers  another  interesting  step  in  our  pro- 
gress. It  is  now  known  what  work  astronomical  instru- 
ments will  do,  but  the  results  obtained  need  to  be  corrected 
before  they  can  be  related  to  other  work  properly.  The  dip 
of  the  horizon,  parallax,  semi-diameter  and  refraction  give 
the  apparent  places,  where  generally  the  true  places  of  celes- 
tial objects  are  wanted.  Now  the  student  will  need  to  use 
his  knowledge  of  geometry  and  algebra.  The  principles 
called  for  in  these  branches,  for  this  work,  are  simple  enough; 
but  the  danger  is  that  the  average  student  will  fail  to  apply 
them  independently  and  thoroughly  enough  to  fix  in 
mind  either  methods  or  essential  facts.  For  example  take 
the  author's  interesting  statement  concerning  the  dip  of  the 
horizon,  that  the  square  root  of  the  elevation  of  the  eye  (in 
feet)  gives  the  dip  in  minutes^  and  that  this  value  is  about 
one-twentieth  too  large,  as  compared  with  the  exact  form- 
ula. The  student  may  well  ask  himself  what  is  the  use  of 
giving  this  approximate  formula  when  it  is  known  to  be  in- 
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accurate,  and  especially  to  mnke  it  prominent  in  the  text  hy 
the  side  of  the  rigorous  one.  This  importfint  query  ought 
"  not  to  be  answered  too  briefly  for  the  student  needs  to  be  in- 
structed right  here,  and  be  put  on  his  guard  against  falling 
into  wrong  notions  regarding  standards  of  accuracy  in  text- 
books  and  astronomical  work  in  general.  The  author  has 
covered  this  point  nicely  and  well  as  he  usually  does  those 
that  are  likely  to  perplex  the  accurate  and  the  conscientioas 
student.  He  has  worked  out  the  approximate  formula  by 
a  verj'  neat  use  of  the  principles  of  algebra  and  trigonome- 
try, which  show  plainly  what  is  meant  by  the  use  of  the 
word  "approximate,"  and  wherein  the  real  difference  Iw- 
tween  the  two  formula  lies.  This  is  useful  knowledge  to 
the  beginner,  because  he  is  always  so  unwilling  to  substitute 
approximate  work  or  results  for  those  which  he  has 
proved  to  be  rigorously  true.  When  he  is  asked  to  do 
this  he  often  thinks  that  he  has  lost  something  of 
truth  by  so  doing,  if  he  does  not  believe  the  results  uncer- 
tain or  worthless  because  obtained  by  methods  known  to  be 
defective.  Ou  the  contran,'  he  ought  to  see  that  he  has  ac- 
tnally  lost  nothing  by  his  chosen  method  of  work,  but 
rather  gained  by  it  in  every  useful  and  important  particular. 
Another  valuable  lesson  is  drawn  from  this  illustration 
which  we  desire  also  toem'phasize, and  that  is  the  care  which 
the  author  has  taken  to  show  the  student  how  to  pass  from 
the  general  units  of  measure  in  the  exact  formula,  to  those 
of  various  concrete  kinds,  as  radians,  minutes,  etc..  found  in 
the  working  forms  of  the  approximate  formula.  \Vc  have 
known  good  students  in  pure  mathematics  to  stumble  badly 
and  frequently,  and  with  reason,  because  they  generally 
have  so  little  exercise  in  the  change  of  units  in  ordinary-  ele- 
mentar\'  study.  Applying  these  thoughts  to  the  formulw  for 
parallax,  refraction,  and  height  of  the  atmosphere,  the  stu- 
dent will  certainly  have  new  interest  in  the  themes  them- 
selves as  well  as  the  mathematical  instrument  of  investiga- 
tion which  he  has  been  using  to  measure  them. 

In  this  connection  and  at  the  end  of  our  space  for  this 
study  at  this  time,  we  give  a  list  of  errors  already  noticed 
in  second  issue  of  this  text-book,  kindly  furnished  us  for  pub- 
lication by  Professor  Young  only  a  short  time  ago; 
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Errata  in  the  Second  Issue  of  Young's  General  Astronomy, 

1.  P.  133;  line  8  from  top;  for  y  Draconis  read  a  Draconis, 

2.  P.  190;  line  1  from  top:  for  southern  read  northern;  for  northern  read 

southern;  also  add  to  the  sentence  the  words,  as  seen  by  an  observer 
on  the  earth. 

3.  P.  232 ;  lines  13  and  14  from  top :  for  12°  5'  read  12°  15'. 

4.  P.  234;  line  8  from  top:  for  1886  read  1884. 

5.  P.  234;  line  11  from  top:  for^Q^^Q  read  ^^^qqqq 

6.  P.  234;  line  21  from  top:  for  Moon*s  shadow  read  Earth's  shadow. 

7.  P.  311 ;  article  520:  substitute  the  following:  "Since  there  are  Hve  in- 

"  dependent  co-efficients  in  the  general  equation  (in  space)  of  a  conic 
"  having  a  given  focus  (viz.,  the  sun),  it  is  necessary  to  have  five  con- 
"  ditions  in  order  to  determine  them.  Three  are  given  by  the  obser- 
"  vations  themselves,  viar.,  the  directions  of  the  body  as  seen  from  the 
"earth  at  three  given  instants;  a  fourth  is  supplied  by  the  *law  of 
"  *  equal  areas,'  since  the  sectors  formed  by  the  radii  vectores  must  be 
"  propc^ional  to  the  elapsed  times ;  anrf  finally  the  fifth  depends  upon 
"the  requirement  that  the  changes  in  the  speed  of  the  body  between 
"  the  observations  must  correspond  to  the  variations  in  the  length  of 
"  the  radius  vector  according  to  the  known  intensity  of  the  solar  at- 
"  traction." 

8.  P.  314 ;  line  3  from  bottom :  for  of  the  periods  of  the  major  axes  read  of 

the  periods  and  of  the  major  axes. 

9.  P.  318 ;  line  12  from  bottom :  for  longer  read  shorter. 

10.  P.  328 ;  line  6  from  top :  for  four  read  seven. 

11.  P.  332 ;  line  4  from  top ;  for  1%^  read  about  4°. 

12.  P.  337 ;  line  10  from  bottom :  for  llh  r^ad  SVq  hours. 

13.  P.  337 ;  line  3  from  bottom :  for  at  every  revolution  read  at  two  full 

moons  out  of  three. 

14.  P.  337 ;  line  2  from  bottom :  for  every  new  moon  read  with  corres- 

ponding frequency. 

15.  P.  394 :  line  3  from  bottom :  for  ten  read  five. 

16.  P.  395 ;  line  20  from  top :  for  discovery  read  perihelion  passage. 

17.  P.  395;  line  22  from  top:  for  pass  the  perihelion  read  were  discovered. 

18.  P.  407;  line  5  from  top:  for   25000O  "^^  lUOOOOO 

19.  P.  407 ;  line  6  from  top:  for  twenty-four  read  six. 

20.  P.  415 ;  line  3  from  top :  for  fixed  read  convex. 

21.  P.  439;  line  18  from  top:  for  Thomson  read  Thomsen. 

22.  P.  475;  line  14  from  bottom ;  for  ofodo  ^^^  o^yQQQ 

23.  P.  482 ;  line  6  from  bottom :  for  twelfth  read  ninth. 

24.  P.  498 ;  tabic :  mass  of  a  Geminorum  should  be  0.054. 

25.  P.  499 ;  article  879.    The  relation  deduced*  by  Monck  is  true  only  on 

the  assumption  that  the  stars  compared  are  of  equal  density :  a 
most  serious  restriction. 

26.  P.  503 ;  line  8  from  bottom :  for  10,000  or  11,000  read  8,000. 

27.  P.  508;  line  5  from  bottom:  for  1,000  and  2,000  read  2,000  and 

3,000. 
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28.  P.  510 ;  line  6  from  top :  for  37^  read  27^. 

29.  P.  530;  tabic  of  Saturn's  satellites:  the  period  of  Titan  is  ISd.etc,, 

instead  of  13c/,  etc.,  as  given. 
There  are  a  few  other  typographical  errors,  but,  so  far  as  I  now  know» 
none  of  any  real  importance. 

TO  BB  CONTINUBD. 


MEETING  OF  THE   PERMANENT    COMMITTEE  OF   THE    ASTRO- 
PHOTOGRAPHIC  CONGRESS. 


The    following  notes  are  not   quite   complete,  but   will 
doutbless  be  of  interest. 

Several  members  of  the  Committee  asembled  on  Sept.  12 
at  the  Paris  Observatory,  and  after  some  preliminary  busi- 
ness drew  up  the  following  programme  for  discussion : — 
A,  Execution  of  the  Photographic  Work^ 

1.  Accuracy  with  which  the  center  of  the  plate  is  to  be 
pointed  on  the  selected  point  of  the  heavens. 

2.  Exposing  shutters. 

3.  Construction  and  mounting  of  plate-holders. 

4.  Dimensions  of  plates  and  r^seaux,  aqd  maximum  ad- 
missible deformation  of  stellar  images. 

5.  Amount  of  overlapping  of  plates. 

6.  Construction  of  r^seaux. 

7.  Distribution  of  work   among   Cooperating  Observa- 
tories. 

8.  Plates;    plate-glass    or   ordinary;    chemical   formula; 
manufacturer;  testing. 

9.  Shall  the  sensitiveness  of  plates  for  Chart  and  for  Cat- 
alogue be  the  same  ? 

10.  Method  of  impressing  r&eau  on  plates:  shall  a  r^seau 
be  used  for  the  Chart  plates  as  well  as  for  the  Catalogue  ? 

11.  Times  of  exposure  for  the  two  series. 

12.  Development. 

13.  Fixing,  varnishing,  etc. 

14.  Test  objects  for  the  different  Observatories. 

B,    Use  of  Plates  when  taken, 

15.  Nature  of  method  of  measurement  (distance  and  posi- 
tion angle;  rectangular  axes .  parallactic  method). 

16.  Measures  to  be  taken  to  lighten  the  labor  of  the  meas- 
urements in  closel3'-starred  portions  of  the  sky. 

17.  Shall  there  be  a  central  bureau  to  measure  the  plates? 
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18.  Shall  there  be  a  special  committee  to  consider  the  re- 
production of  the  plates  and  the  publication  of  the  Map  of 
the  Heavens  ? 

These  points  were  decided  at  the  actual  meeting  of  the 
committee  somewhat  as  follows : 

1.  It  was  decided  that  the  actual  center  of  the  plate 
should  not  be  more  than  about  5"  distant  from  the  point 
selected  in  the  sky. 

2.  It  was  decided  to  use  an  exposing  shutter,  but  the  ac- 
tual form  was  left  to  discretion. 

3.  MM.  Christie,  Gautier,  and  Paul  Henry  appointed  as 
committee  to  consider  this  question. 

4.  Size  of  field  unanimously  adopted  as  2°  square.  MM. 
Bakhuyzen  and  Henry  reported  that  within  this  area  on 
the  Paris  plates  measurement  showed  the  errors  to  be  very 
small.  The  r^seau  to  be  130  mm.  square  as  proposed  by 
Vogel,  lines  5  mm.  apart;  and  Christie's  proposal  that 
plates  be  160  mm.  square  was  adopted  unanimously. 

5.  Overlapping  of  5',  as  suggested  by  Vogel,  proposed  by 
Kapteyn. 

5.  Vogel's  offer  to  construct  and  verify  the  r^seaux  was 
accepted.  The  lines  to  be  continuous  and  not  mere  crosses 
at  the  points  of  intersection. 

7.  Committee  of  B«uf,  Christie,  Kruls,  and  Loewy  pro- 
posed the  following  distribution,  which  was  adopted : 

Obscrratory.  Decl.  Obaervatory.  Dccl. 

o  o  o  o 

Helsingfors -|-  90  to  -f  70  S.  Fernando 0  to  —    6 

Potsdam 4-70  -f  58  Mexico —    6  —12 

Oxford -f  58  +48  Tacubaya —  12  — 18 

Greenwich +  48  +40  Rio —  18  —  26 

Paris +  40  +32  Santiago —  26  —  34 

Vienna +  32  +  24  Sidney —  34  —  42 

Bordeaux +  24  +  18  Cape —  42  —  52 

Toulouse +  18  +12  La  Plata —  52  •  —70 

Catania +  12  +    6  Melbourne —  70  —90 

Algiers +    6  0 

8.  Plate-glass  decided  unanimously.  Chemical  formula 
left  open. 

9.  Sensitiveness  to  be  the  same  for  both. 

10.  Vogel's  method  for  impression  of  r^seau  adopted. 
Roseau  to  be  used  for  both  series. 

11.  The  Paris  Observatory  will  prepare  a  series  of  stand- 
ard plates,  giving  stars  to  14.0  and  11.0  magnitudes  re- 
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spectively,  for  distribution  to  each  of  the  Cooperating  Ob- 
servatories ;  the  time  of  exposure  to  be  adjusted  so  as  to 
compare  properly  with  these  standards.  For  definition  of 
magnitude  11.0  as  limit  for  the  Catalogue  series,  it  was  de- 
cided that  as  7.0  and  9.0  are  well-understood  magnitudes, 
the  photographic  difference  between  them  should  be  deter- 
mined and  carried  on  from  magnitude  9.0  to  get  magnitude 
11.0. 

For  the  Catalogue  plates  there  are  to  be  two  exposures  on 
each  plate;  the  first  to  give  stars  to  magnitude  11*0,  the 
second  of  one  quarter  the  duration  with  a  displacement  of 
about  0'2  mm.,  as  a  check  on  the  first. 

12, 13.  The  plates  to  be  tanned.    Otherwise  left  open. 

14.  See  11. 

15.  Referred  to  a  committee. 

16.  17,  18.  The  question  of  a  Catalogue  was  left  open, 
and  one  or  more  bureaus  to  be  established  for  such  observ- 
atories as  cannot  measure  their  own  plates.  Photographic 
copies  of  all  plates  to  be  taken  and  preserved  in  selected 
places  in  case  of  accident  to  the  negative. — Observatory. 
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THE  PLANETS. 


Mercury  may  be  seen  in  the  morning  a  half  hour  before 
sunrise  until  about  Nov.  20,  after  which  time  it  will 
be  too  close  to  the  sun.  It  will  come  to  superior  conjunc- 
tion with  the  sun  Dec.  7,  and  will  be  at  aphelion  or  greatest 
distance  from  the  sun  on  the  same  day. 

V^ius  is  morning  star,  but  is  moving  rapidly  eastward 
and  getting  nearer  the  sun,  so  that  it  is  not  in  so  favorable 
a  position  for  observation  as  in  the  past  months.  This 
planet  will  be  visible  in  the  morning,  however,  until  the  end 
of  the  year.  Venus  will  be  in  conjunction  with  Uranus  Nov. 
9,  1  P.  M.,  1°  08'  north,  and  with  the  moon  Nov.  21,  4  a.  m., 
3° south. 

Mars  will  be  at  its  greatest  distance  from  the  sun  Nov.  11, 
and  in  conjunction  with  the  moon,  4°  08'  south,  Nov.  18,  5 
p.  M.    Its  course  is  through  Virgo,  passing  2'  north  of  the 
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star  yi  Nov.  16  at  2  a.  m.,  1°  20'  south  of  r  Nov.  26,  and  20' 
south  of  0  Dec.  8.  The  October  number  of  UAstronomie 
contains  an  interesting  article  by  Philippe  G^rigny  on  **The 
Tides  on  Mars."  The  writer  has  attempted  to  investigate 
the  tides  which  would  be  produced  upon  Mars  by  the  two 
satellites,  with  a  view  of  explaining  some  of  the  changes 
which  have  been  observed  upon  the  face  of  the  planet,  and 
which  have  been  suggestive  of  periodical  inundations.  The 
greatest  difficulty  in  the  way  of  such  an  investigation  is  our 
ignorance  of  the  mass  and  density  of  the  satellites.  Assum- 
ing the  diameters  to  be  12  km.  for  the  inner  and  10  km.  for 
the  outer,  and  the  densities  equal  to  that  of  the  planet,  the 
writer  finds  the  tides  to  be  insignificant.  The  bulging  of 
an  ocean  of  water  due  to  the  attraction  of  the  first  satellite 
would  be  only  1.79  mm,  or  less  than  one-tenth  of  an  inch, 
and  that  produced  by  the  second  satellite  still  less.  If,  how- 
ever, the  diameters  of  the  satellites  be  greater  (which  is 
probably  true)  than  the  above  estimates,  the  resulting  tides 
will  be  greater  in  proportion  to  the  cubes  of  the  diameters, 
and  it  may  be  possible  to  explain  some  of  the  changes  ob- 
served on  the  planet  as  the  result  of  high  tides  overflowing 
the  lowlands  and  filling  up  the  long  narrow  valleys  or  chan- 
nels. 

yup/ter  will  continue  to  be  visible  as  evening  star  setting 
in  the  southwest  about  two  hours  after  sunset.  Its  altitude 
is  too  low  for  good  observations.  We  therefore  cease  to 
give  the  tables  of  the  satellites  and,  the  red  spot.  Jupiter 
will  be  in  conjunction  with  the  moon  Nov.  25  but  will  not 
suffer  occultation  in  northern  latitudes. 

Saturn  is  in  Leo  a  little  east  of  Regulus,  and  may  be  ob- 
served after  midnight.  He  will  be  in  quadrature  with  the 
sun  Nov.  25,  in  conjunction  with  the  moon  Dec.  13,  4  p.  m., 
and  stationary  in  the  sky  Dec.  15,  1  a.  m.  The  inclination 
of  the  plane  of  the  rings  to  the  line  of  sight  is  now  onh' 
eight  degrees.  This  month  we  begin  again  to  give  the  times 
of  elongation  of  the  five  brighter  satellites  of  Saturn.  We 
omit  the  others  as  not  likely  to  be  seen  by  any  observers 
who  do  not  already  possess  a  complete  ephemeris. 

Uranus  is  a  morning  star,  and  may  be  found  about  2° 
northeast  of  Spica  in  Virgo.  On  the  morning  of  Nov.  20 
it  will  be  about  4°  south  of  the  moon. 
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Neptune  is  in  Taurus  about  one-third  of  the  way  from  Al- 
debaran  to  the  Pleiades,  and  may  be  observed  during  the 
whole  of  the  night.  He  will  be  in  opposition  to  the  sun 
Nov.  24.  Dec.  6  at  2b  34m  a.  m.  Neptune  will  be  directly 
north  of  the  Moon  at  a  distance  of  about  the  moon's  diam- 
eter. 

Sun-spots  were  observed  at  Carleton  College  Observatory 
Sept.  24,  26,  27,  28,  Oct.  9,  10,  and  17.  No  spots  were 
visible  Sept.  18,  19,  20,  21,  Oct.  3,  4,  7,  11,  and  14. 

MERCURY. 

R.  A.  Decl.  Rises.  Transits.  Sets, 

hm  ^'hra  hm  hm 

Nov.  25 15  38.3  —19  15   6  35  a.m.  11  19.0  a.m.    4  03  p.m. 

Dec.   5 16  44.1  — 2e  11   7  21  **    11  45.2  "     4  10  " 

15 17  52.8  —25  11   8  00  "    12  14.4  "     4  29  " 

VENUS. 

Nov.  25 14  45.3  —14  33   5  22  A.M.   10  26.1  A.M.   3  31  p.m. 

Dec.  5 15  35.4  —18  12   5  48  "    10  36.6  *'     3  25  " 

15 16  27.4  -2101   6  13  "    10  49.2  "    3  26  " 

MARS. 

Nov.  25 12  34.5  —  2  11   2  21  A.M.   8  15.8  a.m.   2  11  p.m. 

Dec.  5 12  56.4  —  4  29   2  13  "     7  58.3  "     1  44  " 

15 ...13  18.1  —  6  43   2  04  "     7  40.7  "     1  18  •* 

JUPITER. 

Nov.  25 18  42.4  —23  14   9  58  a.m.   2  22.5  p.m.   6  47  p.m. 

Dec.  5 18  51.7  —23  04   9  27  **     1  52.5  **     6  18  '* 

15 19  01.3  —22  52   9  57  *'     1  22.7  "     5  49  ** 

SATURN. 

Nov.  25 10  24.2  +11  31   11  12  p.m.   6  01.9  A.M.   12  51  P.M. 

Dec.  5 10  25.2  -fH  28  10  34  **     5  23.5  *'    12  13  ** 

15 10  25.9  +11  29   9  55  **     4  44.5  "    1 1  34  " 

URANUS. 

Nov.  25 13  32.8  -  9  05   3  46  a.m.   9  13.6  a.m.   2  41  p.m. 

Dec.  5 13  34.7  -'  9  15   3  10  '*     8  36.5  "     2  03  *' 

15 13  36.3  -  9  25   2  33  "     7  58.7  "     1  25  " 

NEPTUNE. 

Nov.  25 4  05.7  +19  08   4  21  p.m.   11  44.3  p.m.   7  08  a.m. 

Dec.  5 4  04.6  +19  05   3  40  "    11  03.8  "     6  27  •* 

15 4  03.5  +19  02   3  00  "    10  23.4  "     5  46  ** 

THE  SUN. 

Nov.  25 ..16  06.8  -20  54   7  11  a.m.  11  47.7  A.M.   4  25  P.M. 

Dec.  5 16  50.0  -22  28   7  22  **    11  51.1  **     4  20  " 

15 17  34.0  -23  19   7  30  '*    11  55.6  "     4  20  " 


Occultations  Visible  at  Washington. 

IMMBRSIOfC.  EMERSION. 
Star's                Magnii*        Wash.     Angle  fm  Wash.     Angle  Tin  Dura- 
Date.                 Name.                 tude.        Mean  T.     N.  P't.  Mean  T.       N.  P't.  tioa. 

hm              °             hm             ^  hm 

Nov.  24...4  Sagittarii 5V2          5  24          92          6  25        266  1  01 

27.. .27  Capricorni....  6V2          4  23          44          5  36        276  1  13 

30.. .30  Piscium 4V2       10  47        100  11  38        202  0  50 

Dec.    14...vVirginis 4           18  53        137  20  12        291  120 
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Central  Time. 

d 

h    m 

'.  15 

2  36  p.  M. 

22 

7  44.    " 

29 

11    29   A.M. 

.      7 

3  52     * 

15 

8  58    •* 

Phases  of  the  Moon. 


Last  Quarter Nov.  15 

New  Moon *' 

First  Quarter " 

Full  Moon Dec. 

Last  Quarter 

Elongations  and  Conjunctions  of  Saturn's  Satellites. 

[Central   time;  B  =  eai«t  elongation;  \V  =:  went  elonj^ation ;   I  =  inferior  conjunc- 
tion (north  of  planet);  S  =  superior  coi\junction  (Houth  of  planet.) 

JAPETl'S. 

Nov.  5    S.  Nov.  25    E.  Dec.  15    I. 

TITAN. 

Nov.  16  Midnight.  L      Nov.  28  Midnight.  E.     Dec.  10  11  P.  M.    S. 
20         "  W.    Dec.     2  '*  L      Dec.  14  10    "        E. 

24  *•  S.  6  11  P.  M.        W. 


RHEA. 

Nov, 

15 

7.1  A.  u. 

E. 

Nov. 

28    8.5  P.  M. 

E. 

Dec.  12 

9.7  A.  M. 

E 

19 

7.6  p.  M. 

E. 

Dec. 

3    9.0  A.  M. 

E. 

24 

8.0    " 

E. 

7    9.4  P.  M. 

DIONE. 

E. 

Nov. 

16 

3.4  A.  M. 

E. 

Nov. 

27    2.2  A.  M. 

E. 

Dec.  8 

1.0  A.  M. 

E 

18 

9.1  P.  u. 

E. 

29    7.9  P.  M. 

E. 

10 

6.7  P.  M. 

E 

21 

2.8  P.  M. 

E. 

Dec. 

2    1.6  p.m. 

E. 

13 

12.3  P.  M. 

E 

24 

8.5  A.  u. 

E. 

5    7.3  A.  M. 

TETHVS. 

E. 

Nov. 

16 

9.6  A.  M. 

E. 

Nov. 

27      5.5  p.  M. 

E. 

Dec.  7 

4.0  A.  M. 

E 

18 

6.9  A.  M. 

E. 

29      2.8  P.  M. 

E. 

9 

1.3  A.  M. 

E 

20 

4.3  A.  u. 

E. 

Dec. 

1     12.1  P.M. 

E. 

10 

10.6  p.  M. 

E 

22 

1.6  A.  M. 

E. 

3      9.4  a.m. 

E. 

12 

7.9  p.  M. 

E 

23 

10.9  p.  M. 

E. 

5      6.7  A.  M. 

E. 

14 

5.2  P.  M. 

E 

25 

8.2  P.  M. 

E. 

Comet  d  1559  (Brooks,  July  6)  is  in  the  west  end  of  con- 
stellation Pisces  and  moving  slowly  northeast.  The  simi- 
larity of  the  preliminary  elements  of  this  comet,  especially 
the  inclination,  to  those  of  comet  1884  II  (Barnard)  com- 
puted by  H.  V.  Egbert, led  Dr.  K.  Zelbr  to  test  their  identity. 
He  finds  that  the  observations  of  Brook's  comet  cannot  be 
represented  by  the  elements  of  comet  1884  II  (A.  N,  2926). 
He  has  computed  a  new  set  of  elliptic  elements,  from  observ- 
ations made  July  8,  Aug.  5  and  19  which  represent  within 
small  errors  a  later  observation  made  Aug.  30  : 

T   =  1889  Sept.  19.2964  Berlin  mean  time. 

w  =  337°  52'  11.4" 

O  =     18     52    47.7    >Mean  equinox  1889.0 

/   =       6     01    07.5   ) 

if  =     29     41    50.6 
log  //'  =  2.657852 
log  a  =  0.472470  a  ^  2.96804. 

Period  =  7.8  vears 
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The  following 

ephemeris  is 

by  Dr 

.  0.  Knopf. (ii.iST. 

2926): 

1889 

App.  a 

App 

).  rj 

logr 

log'J 

Br. 

Berlin  Mean  Time. 

h 

m 

§ 

o 

/ 

Nov.     5.5 

23 

42 

56 

—2 

03.6 

0.2988 

0.0745 

1.7 

7.5 

43 

44 

1 

48.6 

9.5 

44 

39 

1 

33.1 

0.3001 

0.0888 

1.6 

11.5 

45 

40 

1 

17.1 

13.5 

46 

49 

1 

00.8 

0.3015 

0.1025 

1.5 

15.5 

48 

04 

0 

44.1 

17.5 

49 

25 

0 

27.0 

0.3030 

0.1163 

1.4 

19.5 

50 

52 

— 0 

09.5 

21.5 

52 

25 

+0 

08  4 

0.3046 

0.1303 

1.3 

23.5 

54 

04 

0 

26.7 

25.5 

55 

49 

0 

45.2 

0.3063 

0.1445 

1.2 

27.5 

57 

39 

1 

04.1 

29.5 

23 

59 

34 

1 

23.3 

0.30S2 

0.1587 

1.1 

Dec.      1.5 

0 

01 

34 

1 

42.8 

3.5 

t 

03 

39 

2 

02.6 

0.3101 

0.1728 

1.0 

5.5 

05 

48 

2 

22.6 

% 

7.5 

0 

08 

02 

+2 

42.9 

0.3121 

0.1868 

0.9 

Comet  b  1889  (Barnard,  March  31)  is  in  the  middle  of  the 
constellation  Cetus,  moving  southwest.  We  have  at  hand 
no  ephemeris  extending  beyond  Nov.  5. 


The  Solar  Corona.  The  volume  containing  the  reports  on 
the  observations  of  the  total  eclipse  of  the  sun,  Jan.  1, 
1889,  published  by  the  Lick  observatory',  has  been  received. 

The  introduction  to  this  report,  covering  twent^'-two 
pages,  is  written  by  Professor  Holden.  It  is  a  detailed 
statement  of  great  interest,  setting  out  in  a  clear  way,  the 
advancement  made  bv  observation  and  studv  of  the  last 
total  solar  eclipse.  His  conclusions  are  given  in  full,  and  are 
as  follows :  ^ 

I.  That  the  characteristic  coronal  forms  seem  to  var3'  Peri- 
odically as  the  sun-spots  (and  Auroras)  var3'  in  frequenc\% 
£ind  that  coronas  of  1867,  1878,  and  1889  are  of  the  same 
strongly  marked  type,  which  corresponds,  therefore,  to  an 
epoch  of  minimum  of  solar  activity'. 

II.  That  so-called  polar  rajs  exist  at  all  latitudes  on  the 
sun's  surface,  and  are  better  seen  at  the  poles,  simply  be- 
cause they  are  there  projected  against  the  dark  background 
of  the  sky,  and  not  against  the  equatorial  extensions  of  the 
outer  corona.  There  appears  to  be  also  a  second  kind  of 
raj's  or  beams  that  are  connected  with  the  wing-like  exten- 
sions. 

These  latter  are  parts  of  the  **  groups  of  S3mclinal  struct- 
ure'* of  Mr.  Ran^'ard. 
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III.  The  outer  corona  of  1889  terminated  in  branching 
forms.  These  branching  forms  of  the  outer  corona  suggest 
the  presence  of  streams  of  meteorites  near  the  Sun,  which 
bv  their  reflected  light,  and  by  their  native  brilliancy,  due  to 
the  collisions  of  their  individual  members,  way  account  for 
the  phenomena  of  the  outer  corona. 

IV.  The  disposition  of  the  extensions  of  the  outer  corona 
along  and  very  near  the  plane  of  the  ecliptic  might  seem  to 
show  that  if  the  streams  of  meteorites  above  referred  to 
really  exist,  they  have  long  been  integral  parts  of  the  solar 
system. 

Xote. — The  conclusions  III.  and  IV.  api^ear  to  be  contradictory  to  that 
expressed  in  I.  The  electrical  theory  announced  by  br.  Huggins  in  the 
Bakerian  lecture  for  1885.  seems  to  reconcile  the  conclusions  I.,  III.,  IV. 

V.  The  photographs  of  the  corona  which  were  taken  just 
before  Contact  II.  and  just  after  Contact  III.,  prove  the 
corona  to  be  a  solar  appendage,  and  are  fatal  to  the  theory' 
that  an3' large  part  of  the  coronal  forms  are  produced  by  dif- 
fraction. (See  the  photographs  of  Mr.  Woods  and  a  discus- 
sion of  them  in  the  reports  of  Mr.  Keeler.) 

VI.  The  spectroscopic  observations  of  Mr.  Keeler  sho^v 
conclusively  that  the  length  of  a  coronal  line  is  not  always 
an  indication  of  the  depth  of  the  gaseous  coronal  atmos- 
phere of  the  sun  at  that  point,  and  hence  to  indicate  the 
important  conclusion  that  the  true  atmosphere  of  the  sun 
may  be  comparativeh'  shallow. 

VII.  Mr.  Keeler  also  draws  the  further  conclusion  in  his 
report  that  the  ** polar'*  rays  arc  due  to  beams  of  light 
from  brighter  areas  of  the  sun  illuminating  the  suspended 
particles  of  the  sun's  gaseous  envelopes. 

In  order  that  this  conclusion  mav  stand,  it  is  necessarv  to 
show  that  all  these  **  polar"  beams  are  composed  of  rectilin- 
ear ravs. 

It  appears  to  me  that  the  beams  Nos.  62  and  64  of  the  In- 
dex-Diagram (among  others)  present  serious  difficulties  of 
interpretation  in  this  regard. 

VIII.  The  conclusions  respecting  the  photographic  and 
photometric  values  of  the  corona  and  surrounding  sky  at 
time  of  totality  are  exhibited  in  the  tables  accompany- 
ing the  reports  of  myself,  Mr.  Barnard,  Mr.  Leuschner,  and 
Dr.  Passavant.    An  important  conclusion  from  these  meas- 
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arts  seems  to  be  that  it  is  impracticable  to  pliotogmph] 
coroiiu  in  full  sunshine  with  our  present  plates,  and  thj 
photographic  search  for  Vulcan  is  hoi>e!ess. 


Queries.    Query  No,  23,  which  asked  for  the  cause  <      

so-called  polar  tilatiieiits,  has  not  yet  been  satisfactorily 
answered.  It  was  hoped  that  more  light  would  be  gained 
by  the  observations  and  the  photogi-aphs  of  the  last  total 
solar  eclipse.  The  photographs  by  Professor  Pickering  and 
Mr.  Barnard  of  Lick  Obserii'atory  show  this  phenomenon 
well, — it  is  believed  better  than  in  any  other  way  previously. 
In  Professor  Holden's  study  of  the  Lick  photographs  much 
that  is  interesting  appears  as  to  the  location  of  these  6Ia- 
ments  on  the  solar  surface:  that  they  were  found  not  only 
in  the  regions  of  the  poles,  but,  as  he  thinks,  scattered  all 
over  the  surface  of  the  sun,  and  that,  if  the  bright  back- 
ground of  the  equatorial  regions  were  removed,  the  general 
appearance  would  be  quite  the  same  for  the  class  having  the 
ordinary  polar  form.  The  "groups  of  synclinal  structure" 
are  still  more  puzzling,  and  seem  to  neutralize  all  that  the 
polar  form  might  suggest  in  the  direction  of  magnetic  force 
as  a  cau.se.  The  last  eclipse  gave  considerable  of  detail 
which  may  bring  out  useful  results  in  the  light  of  the  coming 
December  eclipse  observations  which  will  be  made  in  Africa 
and  South  America. 

24.  The  shadow  bands,  as  some  observers  call  1 
which  are  seen  about  the  time  of  the  third  contact,  i 
total  solar  eclipse,  are  probably  the  diffraction  effecq 
solar  rays  passing  over  theadvancing  Hmb  of  the  moon  s 
the  beginning  and  end  of  totality.  This  is  the  reason  whir'  ' 
other  observers  call  the  phenomena  ditlraction  bands.  Ex- 
actly how  the  bauds  are  formed  does  not  yet  clearly  appear. 
.\s  an  illustration  of  how  they  sometimes  appear  we  give  n 
part  of  the  report  of  one  of  the  observers  of  the  eclipse  of 
July  27,  1878.  He  said:  "Before  totality  I  had  observed 
the  diffraction  hands  flying  across  the  roof  of  the  building, 
but  failed  to  catch  the  moment  of  their  beginning.  They 
commenced  immediately  on  the  occurrence  of  the  III  contact 
and  lasted  48  seconds  moving  from  west  to  east.  This  ob- 
servation   was   carefully    made.    They    coursed   after  each 
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other  very  rapidly,  seeming  about  three  feet  from  center  to 
center,  the  dark  band  being,  say  six  inches  wide,  the  interior 
being  bright.  In  reality  the  dark  and  bright  spaces  must 
have  been  of  equal  width,  but  the  appearances  were  as 
stated."  These  observations  were  confirmed  by  others  at 
the  same  place.  An  attempt  to  count  the  number  of  these 
bands  that  passed  a  given  point  in  a  second  of  time  failed, 
as  might  have  been  expected. 

Professor  Winslow  Upton  observed  the  same  phenomena 
at  the  last  total  solar  eclipse,  Jan.  1,  1889. 


Mr,  Charle*^  E,  Myers  has  furnished  two  neat  solutions  of 
the  example  in  elementary  algebra  given  in  our  last  issue. 
The  example  was  to  find  x  and  y  in  the  following : 

x'+y  =  7 
x+j^=ll 

One  method  is  as  follows : 

Adding  (1)  and  (2),  jt'  +  x  +  y'+y  =  lS 

Adding  V4 to  both  numbers,  JT*  +  a: +  % +y  +  J +%  =  I8V2 

74      25  ,  49         ,  .       .  -/       25       ,    ^  ,       .^     49 

=   ^-  =  -^-  +  -^-.^x'  +  x  +  y4=-^andy+J  +  y4=^- 
whence  X  =  2 ;  J"  =  3. 


EDITORIAL  NOTES. 


On  and  after  December  1,  the  annual  subscription  price 
of  the  Messenger  will  be  $3  to  American  subscribers,  and 
those  of  the  Canadian  provinces;  to  foreign  subscribers,  in 
countries  included  in  the  Postal  Union  $3.25,  and  to  those  of 
other  countries  $3  plus  the  cost  of  annual  postage. 

The  chief  reason  for  increasing  the  subscription  price  is  to 
cover  a  portion  of  the  expense  to  be  incurred  in  contem- 
plated improvements  which  will  begin  with  the  first  number 
of  1890.  We  will  briefl3'  indicate  two  or  three  points  of 
change  which  have  been  under  consideration  for  some  time. 

One  is,  as  already  suggested,  the  addition  reg^ilarh'  of  a 
series  of  notes  on  the  bibliography  of  astronomy,  which  we 
expect  will  be  full  enough  to  cover  all  important  topics  from 
all  sources  within  reach.  This  very  valuable  matter  will  be 
furnished  by  Professor  W.  C.  Winlock,  Superintendent  of  the 
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Bureau  of  Exchanges  at  the  Smithsonian  Institution,  Wash- 
ington, D.  C.  The  Messenger  is  fortunate  in  securing  the 
services  of  one,  so  ready  in  this  kind  of  work  and  surrounded 
as  he  is,  with  rare  facilities  for  gathering  the  information 
desired. 

Another  feature  is,  the  purpose  to  make  the  current  astro- 
nomical notes  and  news  items  fuller  and  more  general.  This 
probably  will  involve  a  new  and  better  plan  for  this  part  of 
our  work  than  wc  have  previoush'  used.  A  third  point,  and 
the  last  that  we  can  now  mention,  pertains  to  articles  of 
general  scientific  interest  that  should  be  accompanied  by  ex- 
pensive engravings.  An  illustration  of  this  feature  ma\'  be 
found  in  the  frontispiece  of  our  last  issue.  It  is  earnestly 
hoped  that  our  large  list  of  subscribers  will  not  feel  this 
change  of  price  a  burden  to  them,  but  rather  that  they  will 
continue  their  hearty  support  as  in  the  past,  and  also  aid  us 
in  securing  many  new  subscribers. 


Change  of  Latitude.  At  an  international  meeting  of  sci- 
entists in  the  interest  of  geodetic  survey  work,  held  at  Rome 
in  1884,  a  proposition  was  made  by  Professor  Fcrgola  and 
adopted,  that  simultaneous  determinations  of  latitude 
should  be  made  at  two  places  nearly  in  the  same  parallel  of 
latitude,  but  at  very  considerable  distances  apart  in  longi- 
tude, ill  ord^r,  if  possible,  thereby  to  measure  any  changes  in 
the  earth's  axis,  in  the  body  of  our  ])lanet  as  detected  in  the 
variation  of  latitude  at  certain  points  of  the  earth's  surface. 

In  order  to  carry  on  this  delicate  and  very  important  piece 
of  work.  Dr.  F.  Porro,  Director  of  the  Astronomical  Observ- 
atorv  of  the  Roval  Universitv  of  Turin,  Italv,  has  recentlv, 
by  letter  very  politely  suggested  that  the  Observatory'  of 
Carleton  College  and  his  own  are  well  located  for  doing  this 
work,  and  requests  that  we  favorably  consider  the  proposi- 
tion. To  this  we  have  replied  that  our  Observatory  will 
\Qry  gladly  join  him  in  this,  and  assign  one  of  our  transit 
instruments  to  it,  and  that  we  will  begin  as  soon  as  he  is 
ready  and  his  detailed  plan  of  work  is  known. 

Observations  for  best  work  of  this  kind  are  taken  in  the 
Prime  Vertical,  and  our  Observatory  has  excellent  facilities 
for  such  observations,  with  a  good  transit  instrument  al- 
readv  mounted  in  the  Prime  Vertical. 
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The  Orbit  of  Sirius  by  J.  E.  Gore  is  a  short  paper  of  in- 
ter^!. From  it  is  learned  the  fact  that  the  components  of 
this  wonderful  binary*  are  now  approaching  their  minimum 
distance,  which  is  becoming  rapidly  very  difficult  to  measure 
even  by  the  aid  of  the  largest  telescopes.  The  companion 
was  discovered  bv  Alvan  Clark  in  1862,  and  Mr.  Gore  has 
collected  all  the  known  measures  since  that  time,  and  from 
them  deduced  the  following  elements : 

P  =  58.5  vears  Q  =  49°59'*(1880.0) 

r   =  1896*47  /   =  216°18' 

e   =  0.4055  a   =  8".58 

i   =  55^23'  /A   =  —6^.156. 

The  method  used  was  to  plat  all  the  observations  (cor- 
rected for  precession  to  1880.0)  and  draw  the  interpolating 
curve,  and  the  apparent  ellipse  in  the  usual  way,  and  then 
compute  b3'  Professor  Glasenapp's  method  the  co-efficients 
of  the  general  equation.  These  values  were  substituted  in 
Kowalsk3''s  equations,  from  which  the  geometrical  elements 
of  the  orbit  were  found.  ' 

With  Gyldcn's  parallax  for  Sirius  the  above  values  of  P 
and  a  give 

Sum  of  masses  =  26.298  (sun's  mass  1). 

Mean  distance  44.45  (earth's  mean  distance  from  sun  =  1). 
According  to  the  ephemeris  the  minimum  distance  of  the 
components  will  occur  in  1893  with  a  value  of  3". 23,  and  a 
position  angle  of  310''.88. 


Professor  Charles  S.  Howe,  formerly  in  the  chair  of  Math- 
ematics and  Astronomy  at  Buchtel  college,  has  been  recently 
chosen  to  fill  the  Kerr  Professorship  of  Mathematics  in  the 
Ca.se  School  of  Applied  Science  at  Cleveland,  Ohio.  From  all 
that  we  know  of  it  Professor  Howe  will  find  his  new  posi- 
tion a  most  congenial  one,  with  favoring  prospects  in  the 
line  of  his  chosen  work. 


Smith  Observatory.  Professor  Chas.  A.  Bacon,  Director 
of  Smith  Observatory,  Beloit  College,  \Yis.,  has  a  new 
Brashear  helioscope  which  he  is  using  with  great  satisfac- 
tion in  daily  study  of  the  sun.  He  is  also  doing  some  work 
in  celestial  photography.  We  are  to  be  favored  with  reports 
for  publication  soon. 
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Notices  from  Lick  Observatory,  By  favor  of  Professor 
Holden  we  have  the  following  notices  prepared  by  tnemt^ers 
of  the  staff,  at  the  Lick  Observatory,  from  the  publications 
of  the  Astronomical  Society  of  the  Pacific : 

Photographing  the  MHky  Way,  The  great  success  ob- 
tained by  Mr.  Barnard  in  his  preliminary  experiments  with 
the  Willard  portrait  lens  (a  =  5.9,  f=  30.7)  has  led  to  the  de- 
termination  to  employ  it  in  making  a  systematic  study  of 
the  Milky  Wdy  by  photography.  For  this  purpose  it  has 
been  mounted  at  the  object-glass  end  of  the  tube  of  the  g^at 
telescope,  and  arrangements  made  by  which  the  lens  can  be 
capped  and  uncapped  from  the  eye  end.  The  driving  clock 
of  the  great  telescope  (with  a  control)  will  keep  the  camera 
directed  at  the  star-group  chosen  during  an  exposure  of  two 
hours.  An  independent  equatorial  stand  for  this  instrument 
is  very  desirable,  but  cannot  be  had  at  present.  Plates 
8  X  10  are  used,  which  correspond  to  about  16°  X  20°.  The 
definition  is  good  over  the  central  10°  or  11°.  E.  s.  h. 


Occultation  of  Jupiter ,  1889,  September  3, 

Initials  of  the  Observer J.  E.  K.  E.  E.  B.        C.  B.  H.        A.O.  L. 

Phenomenon  Observed.  Lick  Observatory  Mean  Time. 

hms  ms  ms  ms 

First  contact  of  Jupiter 5  25  39.1*  25  41.3        25  43.5t      25  41.6 

Secondcontact  of  Jupiter 5  27  50.7  27  4-7.3-       27  47.8        27  43.9 

Reappearance  of  Siitellite  II..  6  11  33+        

Reappearadce  of  Satellite  IV.  6  16  46.2        

Third  contact  of  Jupiter 6  19  17.2         19  26.2 

Fourth  contact  of  Jupiter 6  21  39-f  21  38.3::      21  39.5::      21  32.2 

Reappearance  of  Satellite  I....  6  23  12.S        23  15.7::      23  16.0$       

Instrument  eniplojed 36-in.  tel.        12-in.  tel.    6V^in  tel.      Comet 


Obsbkvkrs'  Notes. — •  2  sees.  late;  t  3-5  sees,  late;  2-3  seconds  late. 


seeker. 


Observers  :     Mr.  Kecler  =  J.  K.  K. ;  Mr.  Barnard  =  E.  E.  B. ;   Mr.  Hill  =  C.  B.  H.' 
Mr.  Leuschner=  A.  ().  L. 

Mr.  Schaeberle  obtained  several  photographs  of  the  moon 
and  Jupiter  after  fourth  contact. 


Examination  of  Stellar  Photographs.  If  it  is  desired  to 
obtain  all  the  information  which  can  be  had  from  a  given 
negative,  it  is  necessary  to  make  a  positive  copy  of  it  on 
glass,  and  to  examine  both  negative  and  positive  indepen- 
dently. Each  presents  a  different  set  of  contrasts.  The 
negative  will  show  the  empty  spaces  and  lanes  between 
stars;  the  positive  will  show  the  arrangement  of  the  stars 
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themselves.  It  is  only  by  examining  both  that  all  the  in- 
formation can  be  had  from  a  given  exposure.  This  is  cer- 
tainly true  for  stellar  photographs,  and  it  is  even  more  im- 
portant in  regard  to  photographs  of  surfaces, — as  nebulae, 
the  corona,  etc.  It  should  also  be  remembered  that  no  sin- 
gle negative  can  establish  the  existence  of  a  new  nebula.  At 
least  two  are  required . 

Experiments  by  Mr.  Barnard  have  shown  that  many  fea- 
tures may  be  brougjit  out  by  the  simple  device  of  copying 
the  whole  of  an  8  X  10  plate  on  a  plate  of  3%,  X  4%  inches. 
This  process  is  analogous  to  the  automatic  one  by  which  a 
person  places  a  picture  to  be  viewed  at  an  appropriate  dis- 
tance for  seeing  the  particular  details  he  wishes  to  examine. 
Enlargements  of  negatives  are  also  sometimes  serviceable. 
These  simple  precautions  are  worth  mentioning,  as  they 
help  .to  emphasize  a  fundamental  point,  namely, — that  it  is 
far  more  important  to  extract  all  possible  information  from 
a  few  photographs,  than  to  make  large  collections  of  nega- 
tives without  sufficiently  examining  each  of  them.    E.  s.  h. 


Review  of  the  Eariy  Numbers  of  the  Publications  of  the 
Astronomical  Society  of  the  Pacific,  The  Vierteljahrsschrift 
of  the  German  Astronomical  Society  (Vol.  24,  1889,  p.  210) 
has  a  very  friendly  review  of  Nos.  1  and  2  of  our  own  Pub- 
lications,  written  by  Professor  E.  Schoenfeld,  Director  of  the 
Observatory  at  Bonn.    The  last  paragraph  is : 

**The  reviewer  has  no  right  to  speak  in  this  place  in  the 
name  of  the  Astronomische  Gesellschaft;  but,  in  his  own 
name  and  in  that  of  other  members,  he  expresses  a  hearty 
greeting  to  the  new  Society  which  has  been  founded  on  the 
Coast  of  the  Pacific  Ocean  and  wishes  for  it  all  success  and 
prosperity-.*' 

It  will  be  gratif\'ing  to  our  members  to  know  of  this  early 
and  courteous  recognition  of  our  modest  beginnings.  E.  s.  h. 


A'ote  on  the  Corona  of  January  i,  1889.  Professor  Tac- 
chini  has  a  nc»te  in  the  Atti  della  R.  Accademia  dei  Lincei 
1889,  page  472,  on  the  corona  as  shown  in  a  positive-copy 
on  glass  of  one  of  Mr.  Barnard's  negatives.  The  corona  ex- 
tends, he  says,  from  +  64°  to  — 68°  on  the  west  limb  of  the 
sun,  and  from  +53°  to — 68°  on  the  east  limb.    These  are 
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about  the  limits  of  the  zone  of  the  maximum  frequency  of 
protuberances  defined  by  Professor  Tacchini's  own  observa- 
tions. Two  of  the  protuberances  of  the  photograph  were 
observed  at  Rome  and  at  Palermo.  The  other  protuber- 
ances shown  on  the  photograph  were  not  seen  by  the  spec- 
troscope, and  Professor  Tacchini  surmises  that  they  belong 
to  the  class  of  white  protuberances  discovered  by  him  at  the 
eclipses  of  1883  and  1886.  This  surmise  is  completely  cor- 
roborated by  the  observations  of  Prefessor  Swift  (L.  O. 
Eclipse  Report,  1889,  page  203).  E.  s.  h. 


The  Gundlach  Optical  Co.  of  Rochester,  N.  F.,  is  making  a 
low-power  CA'c-piece  with  a  large  field — something  like  half  a 
degree — for  the  use  of  visitors  who  come  to  see  the  moon. 
Such  an  eye-piece  will  sjiow  enough  of  the  lunar  surface  to 
make  a  picture  with  a  background  of  sky,  which  is  what  is 
really  needed  to  convey  the  effect.  The  CA-e-pieces  used  in  the 
regular  astronomical  observ^ations  have  fields  of  view  of 
hardly  more  than  10'  of  arc,  and,  hence,  onlv  serve  to  show 
a  limited  portion  of  the  Moon's  surface — less  than  one  tenth 
usually.  As  the  image  of  the  moon  in  the  large  telescope  is 
0.51  inches  in  diameter,  it  follows  that  the  field  lens  of  the 
new  eye-piece  must  be  of  about  the  same  dimensions.  It 
will  be  useful  in  real  work;  also,  for  objects  like  nebulae  and 
comets  where  a  large  field  and  full  contrast  are  required. 

E.  S.  H. 

Notes  on  Double-Stars.    The  Hcrschel  companion   to  <•* 

Aquarii  is  shown  in  the  36-inch  telescope  to  be  a  ver\'  close 

double-star.    From  a  single  measure  the  distance  appears  to 

be  less  than  0".15,  and,  of  course,   it  is  a  different  object, 

even  in  a  large  refractor.    This  companion  has  the  same 

propef"  motion  as  the  large  star,  and  the  relative  change  is 

practically  nothing  since  the  measures  of  Struve,  in  1836, 

when  the    distance    was    49". 63    in  the    position-angle  of 
Q 1  o    o 

Processor  Hough  found  the  neighboring  star  v'''  (95) 
Aquarii  double,  with  the  Chicago  18Vi-inch  refractor,  in 
1884,  the  companion  being  eleventh  magnitude,  at  a  distance 
of  a  little  more  than  V\  Last  3'ear  this  was  noted  indepen- 
dently here  with  the  12-inch,  and  measured  on  three  nights, 
the  result  being  substantiall3'  the  same  as  the  single  meas- 
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ure  by  Hough  in  1884.  In  the  course  of  the  observations 
given  above,  this  star  was  looked  at  with  the  36-inch  on 
two  or  three  nights,  but  there  was  not  the  faintest  trace  of 
the  companion.  I  am  wholly  unable  to  account  for  this  fail- 
ure, as  there  was  apparenth'  no  change  in  the  preceding  four 
years.    It  should  be  carefully  watched  hereafter. 

The  sixth  magnitude  star,  44  Cassiopeiae,  has  a  minute  at- 
tendant, hitherto  unseen,  at  a  distance  of  1".7  from  the 
principal  star. 

Several  new  pairs  have  been  found  in  the  Pleiades,  one  of 
them  following  Alcyone  64s  and  about  4'  north.  This  is  a 
difficult  pair,  as  the  distance  is  onh'  0".3,  and  the  compo- 
nents below  the  ninth  magnitude.  Another  new  pair,  still 
more  difficult,  is  55s  following  Pleione  (28  Tauri).  The 
distance  of  this  pair  is  about  0".4,  but  the  components  are 
only  11 14  magnitude. 

Since  the  time  of  Herschel,  67  Ophiuchi  has  been  known  as 
a  wide  double-star  (54").  The  large  telescope  shows  a  very 
faint  star  at  a  distance  of  6'^8. 

The  star  D.  AI.  63°,  1618  has  a  very  small  companion  at  a 
distance  of  4''. 3.  The  principal  star  is  brighter  than  sixth 
magnitude,  but  is  strangeh'  wanting  in  nearly  all  of  the  star 
,  catalogues  covering  this  part  of  the  heavens.  It  is  not  in 
the  B.  A.  C,  Radcliffe  (1  and  2),  Lalande,  Argelander  U.  N., 
Heis,  Piazzi,  Bradley,  Romberg,  AOe,  Grant,  DWgelet, 
Armagh,  Yamall,  Bonn  observations.  In  fact,  it  is  found 
only  in  the  D.  M.  and  Rumker  (No.  8289),  the  magnitudes 
being  5.9  and  5.6,  respectively.  In  the  Harvard  Photom- 
etry the  magnitude  is  5.82.  In  observing  it  here  as  a  double- 
star  the  magnitude  was  estimated  5.8.  It  does  not  appear 
to  be  variable,  and  is  probably  a  rare  example  of  star  cata- 
logue omissions.  The  attention  of  meridian  observers  is 
called  to  this  object.* 

The  double  star,  -  2816,  consists  of  a  sixth  magnitude 
primar\',  and  two  7^2  m.  companions  with  distances  from 
the  larger  star  of  about  12''  and  20'',  respectively.  These 
stars  have  remained  relatively  fixed  since  1832.  The  large 
telescope  shows  a  minute  companion  within  1".5  of  the 
large  star. 


•Thin  ntar  will  be  observed  hy  Professor  Schaeberle  with  the  L.  O.  meridian 
drcle.  E.  S.  H. 
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The  fifth  magnitude  star,  2  Andromedae,  is  a  very  close 
and  difiicuk  pair,  the  distance  being  only  0''.8,  and  the  com- 
ponents quite  unequal.  This  was  suspected  with  the  12-inch, 
and  verified  and  measured  with  the  36-inch. 

Herschel  noted  a  ninth  magnitude  companion  to  a  Cas- 
siopeiae  at  a  distance  of  63''.  The  large  telescope  shows  a 
very  faint  star  at  a  distance  of  17''. 5. 

The  distance  of  the  close  pair  in  y  Andromedae  (01 '6S)  is 
now  less  than  0".l.  It  is  very  difiicult,  and  the  best  condi- 
tions are  necessary  to  see  the  elongation  at  all  with  the 
large  telescope. 

The  binary  star,  7  Tauri,  has  been  rapidly  chan/g^ng.  The 
distance  now  is  0".30. 

The  large  refractor  fails  to  show  any  third  star  in  the 
system  of  70  Ophiuchi,  and  both  components  are  single  with 
all  powers.  At  one  time  72  Ophiuchi  was  thought  to  be 
double  (oy:  342),  but  no  companion  can  be  seen  here.  s.  w.  B. 


Observations  on  the  Near  Approach  of  Mars  and  Saturn 
on  September  19y  1889.  The  eastern  sky  was  thick  with 
haze  when  the  two  planets  rose,  and  they  were  not  visible 
until  a  considerable  altitude  was  attained.  At  about  4  a.  m. 
they  could  be  seen  dimly  with  the  naked  eye;  Mars,  small 
and  insignificant,  slightly  east  of  Saturn,  As  soon  as  the 
miages  were  at  all  measurable,  I  made  a  series  of  micromet- 
rical  observations  of  the  two  for  position  angle  and 
distance,  and  for  differences  of  right  ascension  and  declina- 
tion, using  the  12-inch  equatorial. 

Following  are  the  measures  which  are  coiTCcted  for  re- 
fraction in  distance  an  in  the  J'>  and  J'/;  the  times  being 
Mt.  Hamilton  mean  time: 

cl    h     m      8 

1HH9.     Sept.  19  10  16  39.  Position  angle  of  Mars.  lOl^.O  (3). 

19  16  li4.  24-.  Dist.  bet.  outer  limbs  of  Mars  and  Saturn.  356'M  (3». 

19  16  29  1+.  ••        *•     nearer     "               "         "             **         3-4.2"  3  (3 J. 

19  16  34-19.  ••        ••     center  and  center.  358".8  (3). 

19  16  39  4-9.  Position  angle  of  Mars,  101°.8  (4-). 

19  17  36  29. •  J  rJ      Mars— Saturn     —1' 39".2  (5)  apparent. 

19  17  4-5  4-9. •  J  a      Mars— Saturn     —Om  29.91s  (11 )  apparent. 

•  These  times  are  for  the  bisection  of  Mars. 

The  most  striking  feature  was  when  the  two  planets  were 
fading  from  the  advent  of  da3'light.  At  the  approach  of  day 
Saturn  assumed  a  pale,  ash3'  hue,  with  a  slight  tinge  of  yel- 
low, while  Mars  retained  its  luster  in  a  surprising  manner. 
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being  of  a  strong  orange  yellow  in  color;  its  north  polar  cap 
stood  out  strikingly  towards  the  close  of  the  observations, 
a  dark  marking  being  also  visible  near  the  middle  of  the  disc. 
Saturn  ceased  to  be  visible  in  the  telescope  at  18A  6/n,  the 
last  glimpse  being  had  a  few  seconds  earlier.  At  this  time 
Mars  was  easily  conspicuous,  the  sun  bting  5°  or  6°  high 
and  the  sky  pretty  thick.  At  18A  10/n  Mars  began  to  grow 
pale.  At  ISA  25/n  it  was  still  visible  but  very  pale  and  eas- 
ily lost  in  the  field,  though  it  could  have  been  followed  for 
some  time  longer.  By  the  time  the  planets  were  high  enough 
to  observe  with  the  large  telescope  they  had  separated  too 
far  to  be  brought  into  the  field  of  view  of  the  largest  e\'e- 
piece.  E.  E.  B. 

Mt.  Hamilton,  Sept.  20,  1889. 

The  Todd  Eclipse  Expedition.  By  the  Philadelphia  Press 
it  is  recently  learned,  that  the  United  States  expedition  to 
Africa,  to  observe  the  total  solar  eclipse  of  Dec.  21  and  22 
set  sail  from  New  York  on  the  Pensacola  the  early  part  of 
last  month.  The  party,  including  the  astronomers,  num- 
bered about  twenty-five  in  all.  Those  from  Washington 
were  E.  J.  Loomis,  F.  H.  Bigelow,  W.  Harvey  Brown,  Cleve- 
,  land  Abbe,  and  G.  D.  Preston.  A  number  of  Professors  from 
Eastern  colleges  also  accompany  the  expedition. 


A  Telescope  for  Hanover  College,  Messrs.  Warner  and 
Swascy,  Cleveland,  O.,  have  received  an  order  for  a  T^inch 
equatorial  telescope,  with  all  the  accessories  to  make  the  in- 
strument complete,  for  Hanover  college,  Hanover,  Indiana. 
The  same  firm  are  to  furnish  a  dome  and  the  architectural 
plans  for  a  new  Observatory'. 


Mr.  Ambrose  6>wase^,  of  Warner  and  Swasey,  has  returned 
from  four  months  of  travel  in  Eurppe.  While  absent  he 
visited  many  of  the  principal  observatories  and  spent  some 
time  in  the  stud\'  of  newer  forms  and  improvements  for 
astronomical  instruments. 


Spectrum  of  R.  Andromedse,  T.  E.  Espin  reports  bright 
lines  seen  in  the  spectrum  of  R.  Andromedae  on  Sept.  25. 
The  F.  line  was  very  bright.  This  was  circular  number  25 
from  Wolsingham  Observatory. 
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Miss  E.  M,  Bardwell,  in  charge  of  the  Observatory  at 
Mount  Holyoke  Seminary  and  college,  South  Hadlej, 
Mass.,  took  measures  of  the  distance  between  Mars  and 
Saturn  at  4A  9m  local  sidereal  time,  and  found  the  two 
planets  1'  38''  apart.  At  5h  19m,  they,  were  distant  2'  46''. 
Clouds  interferred  -after  this  time. 


Marshall  D.  Ewell,  address  97  Clark  street,  Chicago,  111., 
gives  notice  that  he  has  revoked  the  agency  for  the  sale  of 
his  microroetric  rulings  hitherto  conferred  upon  The  Micro- 
scopCy  because  of  the  sale  of  that  journal.  Future  orders 
and  correspondence  should  be  addressed  to  him  as  specified 
above. 


Himmel  and  Erde  for  October  is  one  of  the  finest  members 
of  this  new  magazine  3'et  issued.  It  has  a  beautiful  frontis- 
piece, photogravure  plate  of  the  disc  of  the  sun  showing  sun- 
spots,  faculse  and  general  granulation  of  the  solar  surface. 
If  this  picture  be  a  faithful  cop}'^  of  any  photograph  it  is  cer- 
tainly one  of  high  excellence. 


Spectrum  of  Saturn  and  Uranus. — We  notice  in  the  last 
Nachrichten  (No.  2927),  just  as  we  go  to  press,  an  interest- 
ing article  on  the  spectrum  of  Saturn  and  Uranus,  by  James 
E.  Kecler,  of  Lick  Observatory.  The  last  part  of  the  article 
is  accompanied  by  a  fine  lithographic  plate  of  the  spectrum 
of  Uranus.    Fuller  notice  of  this  will  be  given  later. 


Asaph  Hall,  Jr.,  has  been  appointed  A«sistant  Astronomer 
in  the  Naval  Observatory,  Washington,  D.  C,  in  the  posi- 
tion formerlv  held  bv  W.  C.  Winlock. 

Errata  in  First  Article.  Page  385,  line  13  from  top  for 
phisicists  read  physicists;  page  386,  line  16  from  bottom, 
read  researchers  for  researches,  page  387,  line  11  from  top 
read  Broun  for  Brown;  page  388,  line  5  from  bottom,  for 
1850  read  1856;  page  390,  bottom  line,  for  manthly  read 
monthly;  page  393,  fourth  line  from  top,  for  maximum  read 
minimum;  in  eleventh  line  of  page  394  insert  the  after  of. 
Sorry  that  it  was  impossible  to  hold  type  for  the  authors 
corrected  proof. 
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Hand  book  of  Descriptive  and  Practical  Astronomy^  by 
George  F.  Chambers,  F.  R,  A,  S.^  Oxford,  England,  at  the 
Clarendon  Press,  1889, 

A  copy  of  the  first  part  of  the  fourth  edition  of  Chambers 
Handbook  of  Descriptive  and  Practical  Astronomy  has 
reached  our  table.  American  readers  of  the  Messenger  who 
have  not  seen  the  first  part  of  the  new  edition  of  this 
standard  work  on  astronomy  will  doubtless  be  glad  to 
know  what  changes  have  been  made.  The  most  important 
of  these  we  will  give  as  fully  as  space  will  allow.  The  fourth 
edition  was  a  single  volume  of  928  pages,  but  there  were 
undesirable  omissions  in  its  plan,  and  so  the  author  went 
back  to  the  original  plan,  of  three  volumes  for  the  entire 
work  as  he  had  arranged  the  scheme  twenty-nine  3'ears  ago. 
The  three  divisions  of  the  present  work  are  as  follows : 
I.  The  Sun,  Planets  and  Comets. 
II.  Instruments  and  Practical  Astronomy. 

III.  The  Starrv  Heavens. 

The  intention  now  is  that  each  volume  will  be  paged,  in- 
dexed and  sold  separately. 

The  most  obvious  changes  in  the  matter  pretaining  to  the 
themes  of  the  first  part  of  the  fourth  edition  are  the  illustra- 
tions. In  the  previous  work  for  the  same  subjects  there  were 
133  cuts;  in  this  volume  we  find  253.  All  data  depending 
on  the  solar  parallax  have  been  re-computed  using  the  value 
of  8''. 80,  and  a  number  of  verbal  changes,  omissions  and 
additions  are  noticed  in  the  text:  for  example  the  extension 
of  the  table  showing  the  results  of  Wolfs  sun-spot  observa- 
tions from  1874-  to  1887  giving  a  continuous  period  of 
thirty-eight  years,  the  addition  of  six  new  cuts  showing  the 
appearance  of  sun-spots  observed  in  1883  and  1886,  and  the 
new  and  fuller  statement  jiertaining  to  the  photosphere, 
chromosphere  and  corona,  bringing  the  stud3'  of  the  sun 
within  the  range  of  most  modern  investigation. 

The  introductory  chapter  on  the  planets  has  six  new  pages 
of  matter  with  four  new  cuts,  one  giving  the  apparent  mo- 
tions of  Mercury  and  others,  the  apparent  sizes  of  the 
planets.  The  chapter  on  Vulcan  (?)  in  the  new  edition  is 
increased  by  six  pages,  also  much  of  the  matter  being  in  fine 
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|)rint  and  containing  a  fair  account  of  tlic  \-iew-s  nnd  discus- 
sions of  American  astronomers  relative  to  tlie  supijoscd  dis- 
covery of  Valcan.  The  planet  Mercury  is  given  two  new  il- 
lustrations and  a  brief  account  of  the  recent  studies  nf  Den- 
ning and  Schiaparelli,  and  mention  is  also  made  of  Professor 
Newcomb's  view  that  discordance  between  the  obscrvctl  and 
theoretical  motions  of  the  perihelion  of  Mcrvury's  orbit, 
first  pointed  out  by  Le  Verrier  really  exists  and  is  indeed 
larger  than  he  supposed. 

Considerable  variation  and  addition  are  found  in  the  text 
for  the  planet  Venus.  Six  illustrations  of  phases  nnd  spots 
seen  by  several  observers  fitrnish  most  of  the  new  matter. 
Newcomb's  mass  oT  the  planet,  which  agrees  most  nearly 
with  that  of  Littrow,  is  given  in  this  edition.  The  increase 
of  matter  in  the  chapter  on  the  earth  is  five  pages,  with  an 
illustration  of  Foucault's  pendulum  experiment  to  show  the 
earth's  axial  rotation.  The  description  of  the  experiment  is 
a  worthy  edition  to  the  former  text.  In  a  way  quite  similar 
to  these  particular  citations  the  whole  text  of  this  revision 
is  dealt  with  in  regard  to  the  remaining  planets.  Then  fol- 
low eclipses  and  associated  phenomena,  to  which  large  space 
is  given,  followed  by  chapters  on  transits  of  inferior  planets, 
occultations,  tides  and  tidal  phenomena,  and  other  general 
physical  phenomena,  closing  with  comets,  meteors,  and 
shooting  stars.  The  tables,  notes,  and  illustrations  accom- 
panying the  last-named  themes  are  varied  and  full,  and  close 
a  volume  of  676  pages  of  closely  arranged  and  well  ordered 
matter. 

Professor  Chambers  has  made  an  excellent  beginning  in 
the  revision  of  this  book,  and  we  shall  soon  look  for  the  sec- 
ond volume  in  the  series,  which  is  also  promised  for  the  au- 
tumn of  1889.  The  third  is  expected  to  be  completed  in 
1890. 

As  a  closing  thought  we  can  not  do  better  than  to  take  Iiis 
own  words  from  the  preface  of  the  last  edition.  Though  not 
closely  connected  with  the  general  idea  of  this  review 
they  plainly  show  how  a  leading  English  scholar  and 
scientist  looks  at  some  of  the  broader  and  greater  ques- 
tions of  the  present  time.  He  says:  "Where  are  we  now  in 
the  effort  to  discover  first  causes  ?  Theanswer  is :  Very  miicli 
where  we  were  a  quarter  of  a  centun,'  ago,  Thetheory  of  ev- 
olution may  be  true,  or  it  may  be  false,  but  be  it  one  or  the 
other  I  agree  with  Professor  Mivart  (who  believes  it)  when 
he  says,  •  There  is  no  necessary  antagonism  between  '  " 
Christian  Revelation  and  Evolution.'  Evolution  is  at 
attempt  to  guess  at  a  process :  it  does  not  touch  the  Art 
of  that  process  and  never  will." 
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THE  RESISTING  MEDIUM  IN  SPACE. 


ASAPH   HALL.» 
For  The  Mbssbnobs. 

To  any  one  who  looks  at  our  solar  system  in  a  simple 
way,  and  who  observes  the  continual  communication  of 
light  and  heat  from  the  sun  to  the  planets,  and  the  steady 
action  of  the  gravitating  force  which  bends  the  courses  of 
the  planets  into  ellipses  round  the  central  body,  it  would  be 
natural,  perhaps,  to  assume  that  there  must  be  some  ma- 
terial medium  in  the  planetary  spaces,  by  means  of  which 
these  forces  act  through  the  great  distances  that  separate 
the  sun  from  his  attendant  planets.  Such  a  medium  may 
resist  the  motion  of  a  planet  through  it,  and  as  it  would  act 
unceasingly,  its  effect  would  be  cumulative,  and  hence  would 
arise  an  important  question,  necessary  to  be  examined  in 
the  theory  of  celestial  mechanics.  In  fact  the  early  investi- 
gators soon  gave  their  attention  to  this  question,  and 
more  than  a  century  ago  the  Abbe  Bossut  sought  in  the 
effect  of  a  resisting  medium  an  explanation  of  the  secular 
acceleration  of  the  moon's  motion.  An  analytical  investi- 
gation of  the  action  of  such  a  medium  on  the  motion  of  a 
planet  is  given  by  Cousin  in  his  Physical  Astronomy, 
published  in  Paris,  1787;  and  afterwards  La  Place  investi- 
gated this  question  in  the  Mecanique  Celeste ,  Tome  IV.  A 
more  complete  examination  of  the  theory  of  perturbations, 
however,  sho\<red  that  the  law  of  gravitation  alone  was 
sufficient  at  that  time  to  explain  the  motions  of  all  the 
heavenly  bodies. 

The  results  for  a  resisting  medium  depend,  of  course,  on 
the  law  assumed  for  the  resistance.  With  the  laws  of  resis- 
stance  as  they  are  known  from  observation  on  the  earth  the 
general  effects  on  the  motion  of  a  planet  are  as  follows : 

*  U.  8.  Naral  Obaervatory,  Waahin^ton,  D.  C. 
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(1).  The  position  of  the  plane  of  the  orbit  is  not 
changed. 

(2).  The  mean  longitude  of  the  planet  and  the  longitude 
of  the  perihelion  undergo  only  periodical  changes. 

(3).  The  mean  distance  of  the  planet  and  the  excentricity 
of  its  orbit  are  continually  diminished. 

The  first  result  seems  almost  self-evident;  but  the  impor- 
tant changes  are  those  of  the  third  kind.  From  these  it  fol- 
lows that  the  motion  of  the  planet  is  constantly  accelerated 
and  at  the  same  time  the  orbit  continually  approaches  a  cir- 
cular form.  The  final  result  therefore  under  these  conditions 
is  that  the  planet  falls  into  the  central  body. 

As  simple  a  way  perhaps  as  any  of  reaching  these  results 
by  analysis  is  that  given  by  Poisson  in  his  Mecanique.  The 
method  employed  is  that  of  the  variation  of  the  four  con- 
stants that  belong  to  the  plane  of  the  ellipse  described  by 
the  planet.  However  the  formulae  take  a  somewhat  neater 
form  by  using  the  excentric  anomaly  as  the  independent 
variable  instead  of  the  true  anomaly  as  Poisson  does.  The 
law  of  density  of  the  resisting  medium  generally  assumed  is 
that  it  varies  inversely  as  the  square  of  the  radius  vector  of 
the  body.  There  is  an  uncertainty  in  this  assumption  which 
it  is  difficult  to  avoid,  since  manv  laws  mav  be  assumed 
that  will  give  nearh'  the  same  results.  Having  assumed  the 
law  of  density  the  principal  parts  of  the  integrals  can  ht 
obtained  at  once  when  the  excentricity  of  the  orbit  is  small, 
but  when  the  excentricity  is  great,  as  in  the  orbits  of  comets, 
the  perturbations  can  be  expressed  by  means  of  elliptic 
integrals.  The  differential  equations  for  the  mean  distance 
and  the  mean  motion  of  the  body  can  be  written  in  a  simple 
form,  and  so  that  they  exhibit  very  plainly  the  resulting  effect 
of  the  resisting  medium  on  these  elements.  If  a  is  the  mean 
distance,/*  the  mean  motion,  and  c  the  velocitv  of  the  bodv 
in  the  unit  of  time;  r  its  radius  vector,  and  U  the  disturbing 
force  acting  in  the  direction  of  the  tangent,  these  equations 
are : 

da      2a — r     2a 
dt  r  c 

d!'.  3(2a-r)       //    ^.   ,, 

at  r  c 
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In  these  equations  2a  —  r  is  the  distance  of  the  body  from 
the  vacant  focus  of  the  ellipse,  and  all  the  factors  that  mul- 
tiply U  are  positive  in  every  part  of  the  orbit.  The  integral 
effect,  therefore,  on  a  and  /*  will  depend  on  the  character  of 
the  disturbing  force.  In  the  case  of  a  resisting  medium  U 
will  be  negative,  so  that  the  mean  distance  will  be  dimin- 
ished, and  the  m^an  motion  will  be  increased. 

The  plausibility  of  the  existence  of  a  resisting  medium  in 
the  planetary  spaces  has  been  increased  by  the  adoption  of 
the  wave  theory'  of  light,  which  assumes  a  luminiferous  ether 
pervading  the  universe.  The  character  of  this  ether  has  been 
described  in  various  wa\'s;  generally,  however,  as  a  vast 
solid  body,  through  which,  the  dense  planets  move  without 
hindrance  but  which  may  present  some  resistance  to  the 
motions  of  comets.  Hence  it  is  from  the  motions  of  these 
light  and  expanded  bodies  that  we  should  expect  to  learn 
something  about  a  resisting  medium  in  space.  But  whatever 
may  be  the  physical  theories  of  light,  and  the  theoretical 
qualities  of  the  luminiferous  ether,  let  us  see  what  the  obser- 
vations of  comets  have  shown. 

The  most  famous  of  the  periodical  comets  whose  motions 
have  been  carefully  investigated  is  the  Encke  comet,  dis- 
covered by  Mechain  in  1786.  and  again  by  Pons  in  1818, 
when  its  short  i>eriod  of  about  1212  days  was  first  detected. 
For  a  long  time  Encke  persisted  in  calling  it  the  Pons  comet, 
but  his  own  laborious  investigations  on  the  motion  of  this 
comet  have  justly  given  it  the  name  of  the  Encke  Comet. 
On  account  of  the  short  period  of  this  comet  and  its  near 
approach  to  some  of  the  planets,  the  work  of  computing 
the  i^erturbations  is  very  great.  The  persevering  labor  of 
Encke  through  so  many  years  deserves  the  highest  praise. 
Beginning  with  the  earliest  observations  he  reduced  many  of 
them  anew,  computed  the  perturbations  produced  by  the  six 
principal  interior  planets,  formed  normal  places  and  equa- 
tions of  condition,  and  deduced  the  best  elements  of  the  or- 
bit ;  also  a  correction  to  the  mass  of  Mercurv  and  the  co- 
efficient  depending  on  the  resisting  medium.  The  work  of 
Encke  extends  from  1786  to  1858,  and  altogether  it  is  one 
of  the  most  laborious  computations  ever  performed  by  an 
astronomer.  This  comet  passes  inside  the  orbit  of  Mercury 
and  in  some  cases  approaches  so  near  the  planet  that  it  is 
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necessary  to  compute  the  coefficients  of  the  perturbations 
for  every  second  day.  Under  the  assumption  of  a  resisting 
medium,  and  because  the  observations  are  all  made  near  per- 
ihelion, the  mean  motion  of  the  comet  will  have  the  form, 

/  =  M  +  2a  (t  —  T) 

where  a*  is  the  pure  elliptic  mean  motion,  T  the  epoch,  and 
a  a  constant  coefficient  to  be  found  from  observation. 

The  mean  anomaly  will  be : 

M=fi{t-T)+a{t-Ty 

The  expression  for  the  excentricity  of  the  orbit  will  be : 

e'  =  e  —  /9  (t  —  T) 

In  the  case  of  the  Encke  comet  the  coefficient  fi  is  very 
small,  and  it  may  be  neglected  for  several  revolutions  of  the 
comet.    Taking  the  epoch 

T  =  1829,  Jan.  9.72  Paris  *M.  T. 
the  periodic  time  resulting  from  Encke's  computations,  ex- 
tending over  72  years,  is 

1211^.3259  —  0^.117573  .  r 
where  r  denotes  a  revolution  of  the  comet.  Each  revolu- 
tion, therefore,  since  the  epoch  is  diminished  by  2h  49.3ni;  so 
that  from  1818  until  1885  the  periodic  time  would  be  short- 
ened 2%  days.  A  careful  examination  of  Encke's  methods 
and  work  will  convince  anyone,  I  think,  of  the  truth  of  his 
result  that  the  period  of  this  comet  was  diminishing  by 
nearly  this  amount  during  the  tin^e  1786  to  1858. 

After  the  death  of  Encke  in  1865  the  computations  on  this 
comet  were  undertaken  by  Dr.  Von  Asten  and  Dr.  Becker, 
and  after  a  short  time  the  entire  work  passed  into  the  hands 
of  Dr.  Von  Asten.  These  calculations  were  pursued  with 
great  zeal  and  industry  by  him  until  his  death  in  1878.  Von 
Asten  recomputed  the  perturbations  and  made  a  complete  in- 
vestigation of  the  motion  of  the  comet  from  1819  to  1875. 
As  a  general  result  there  was  found  to  be  a  good  agreement 
with  the  theory  of  Encke  in  respect  to  the  resisting  medium 
But  an  exception  occurs  for  the  interval  from  1865  to  1871, 
when  it  was  found  that  no  resisting  medium  was  required 
to  satisfy  the  observations.  This  investigation  is  very  elab- 
orate, Von  Asten 's  equations  of  condition  containing  eleven 
unknown  quantities;  the  six  elements  of  the  orbit  of  the 
comet,  the  coefficient  for  the  resisting  medium,  and  correc- 
tions to  the  masses  of  Mercury,  Venus,  Earth  and  Jupiter. 
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After  the  death  of  Von  Asten  the  computations  on  the 
Encke  comet  were  undertaken  by  Mr.  O.  Backlund  of  the 
Pulkowa  Observatory,  now  professor  in  St.  Petersburg,  in 
whose  able  hands  they  remain.  Backlund  found  on  revision 
that  the  result,  reached  by  Von  Asten  for  the  years  1863  to 
1871,  of  the  non-existence  of  a  resisting  medium,  came  from 
a  small  error  in  computing  the  perturbations  during  that 
time.  He  has  deduced  elements  of  the  orbit  of  the  comet 
from  the  observations  made  in  the  years  186.5  to  1885,  and 
his  representation  of  the  normal  positions  for  these  years  is 
excellent.  The  corrections  to  the  masses  of  the  planets  have 
been  omitted  in  Backlund's  discussion,  except  for  Mercury. 
The  final  result  is  that  the  coefficient  of  the  resisting  medium 
has  only  one-half  the  value  found  by  Encke  and  Von  Asten 
from  the  earlier  observations  of  the  comet.  The  mass  of 
Mercury  comes  out  very  great,  but  agreeing  nearly  with  the 
value  found  by  Encke  from  all  the  appearances  of  the  comet 
from  1818  to  1848,  and  curiously  enough,  with  the  old 
value  assumed  by  Lagrange  from  rather  arbitrary  analogies. 
In  fact,  a  singular  feature  in  the  investigations  of  the  mo- 
tion of  this  comet  is  the  variation  in  the  resulting  mass  of 
Mercury.  These  values  of  the  mass  are  as  follows,  the  mass 
of  the  sun  being  the  unit : 

MASS.  OBSERVATIONS.  COMPUTER. 

1:  3271742  1818  to  1848.  Encke. 

1  :  10252900  1828  to  1848.  Encke. 

1  :  8234192  1828  to  1848.  Encke.' 

1  :  7636440  1818  to  1868.  Von  Asten. 

1  :  2668700  1871  to  1885.  Backlund. 

A  decided  change  in  the  eflFect  of  the  resisting  medium  ap- 
pears to  be  clearly  shown  by  the  observations,  so  that  after 
1870  the  coefficient  is  reduced  to  one-half  the  value  found 
before  that  time. 

Soon  after  Encke  proposed  his  theory  of  a  resisting  me- 
dium in  space  the  objection  was  brought  forward  that  this 
theory  is  too  general,  since  the  motions  of  the  planets  and  of 
other  comets  are  not  affected  by  such  a  medium.  However 
a  short  time  before  his  death  Encke  had  the  satisfaction  of 
seeing  the  work  of  Professor  Axel  Moller  on  Faye's  comet, 
which  showed  that  a  resisting  medium  was  also  necessary 
to  account  for  the  motion  of  this  comet.    Since  the  Encke 


*  R^ccting  obtn'vationt  after  passa^  of  perihelion. 
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and  Faye  comets  move  in  very  different  parts  of  the  planet- 
ary spaces,  the  Fa\^e  comet  having  a  period  of  seven  and 
one-half  years,  this  result  was  a  striking  confirmation  of  the 
existence  of  such  a  medium.  But  in  later  computations 
Professor  Moller  has  removed  this  apparent  confirmation, 
since  he  has  found  that  the  whole  series  of  observations  can 
be  represented  very  well  by  means  of  the  law  of  gravitation 
alone,  so  that  there  is  no*  need  of  a  resisting  medium.  The 
first  and  erroneous  result  appears  to  have  been  produced  by 
the  method  of  computing  the  perturbations  in  rectangular 
coordinates,  which  give  the  perturbations  in  such  a  form 
that  one  does  not  easily  see  how  the  elements  are  changed. 
This  method  was  devised  by  Bond  and  Encke,  and  it  is  theo- 
retically very  simple,  but  though  strongly  recommended  by 
Encke  it  does  not  work  so  well  in  practice  as  the  old  method 
of  the  variation  of  the  elements. 

Dr.  E.  von  Haerdtl  has  recently  published  a  very  elaborate 
investigation  of  the  orbit  of  the  Winnecke  comet,  whose  mo- 
tion also  was  at  first  thought  to  be  accelerated,  and  finds. 
after  a  complete  discussion  of  the  observations,  no  evidence 
of  a  resisting  medium.  This  work  is  very  complete,  and  the 
calculations  appear  to  have  been  made  with  the  utmost 
care.  The  situation  of  this  comet  is  intermediate  between 
those  of  the  Encke  and  Faye  comets.  Its  period  is  about 
five  and  one-half  vears,  and  the  work  of  Dr.  von  Haerdtl  ex- 
tends  from  1858  to  1886. 

At  the  present  time,  therefore,  the  general  result  of  all  the 
investigations  on  the  motions  of  comets  is  that  the  Encke 
comet  alone  shows  evidence  of  a  resisting  medium ;  and  in 
this  case  the  coefficient  of  resistance  has  been  diminished  one- 
half  for  the  observations  made  during  the  last  five  apf)ear- 
ances,  or  from  1871  to  1885.  Such  a  result  must  lead  to  the 
examination  of  what  is  peculiar  about  this  comet,  and  its 
position  in  space.  The  perihelion  distance  is  so  small  that 
the  comet  can  approach  very  near  to  Mercury,  within  0.04, 
and  the  discordant  values  of  the  mass  of  this  planet  found 
from  the  discussion  of  different  series  of  observations  have 
been  referred  to;  but  all  these  values  require  the  existence 
of  a  resisting  medium,  or  of  some  tangential  force  producing 
a  similar  effect,  though  varying  in  amount.  It  is  one  of  the 
conditions  that  add  to  the  probability  of  the  theory  of  a  re- 
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sisting  tnedium  in  space,  that  it  fiamishes  a  simple  and  suf- 
ficient cause  for  this  tangential  force.  But  the  assumption 
of  such  a  medium,  and  its  identity  with  the  luminiferous 
ether,  when  only  the  motion  of  a  single  body  gives  evidence 
of  it,  and  this  with  a  varying  coefficient,  seems  much  too 
general.  Fifty  years  ago  Bessel  pointed  out  that  there  are 
many  other  causes  which  may  produce  the  diminution  of  the 
period  observed  in  the  Encke  comet,  and  he  called  special 
attention  to  the  repulsive  action  of  the  sun  on  the  matter  of 
a  comet  when  near  its  perihelion.  In  recent  years  we  have 
seen  several  instances  of  a  similar  action,  sometimes  pro- 
ceeding so  far  as  to  disintegrate  the  nucleus  of  the  comet. 
It  seems  to  me,  therefore,  that  the  views  of  Bessel  deserve  to 
be  reconsidered,  especially  since  the  latest  investigations  on 
the  motions  of  different  comets  have  failed  to  confirm  the 
theory  of  a  resisting  medium  in  the  pl(inetar\'  spaces. 

The  following  is  an  outline  of  BesseVs  argument  (.4str. 
Nach.,  Bd.  13,  p.  345):  Let  Fbe  the  velocity  of  a  body  in  its 
orbit  round  the  sun,  r  its  radius  vector,  and  a  the  semi- 
major  axis  of  its  orbit.  If  m  be  the  mass  of  the  sun  plus  the 
mass  of  the  bod\',  we  have  the  well  known  equation, 

r      a 

Take  the  axis  of  coordinates  in  the  plane  of  the  orbit, 
and  the  major  axis  of  the  ellipse  for  the  axis  of  .y  ;  if  we  put 
J22  =  1,  we  have 

1  _  1      dx'  +  dv' 
2a  ~  r  2de     '  ^'^'^ 

Suppose  that  the  comet  throws  off  in  a  unit  of  time  a  part 
of  its  mass,  which  is  to  the  remaining  part  as  u  :  1 ;  then  in 
the  time  dt  it  will  throw  oflF  udt.  If  the  velocity  of  the  part 
thrown  off  be  g,  the  angle  which  the  direction  of  the  ejected 
part  makes  with  the  radius  vector  be  «,  and  if  the  true  an- 
omoly  of  the  comet  be  v,  the  velocities  of  the  comet  along 
the  axes  arising  from  .this  disturbance  are 

gu  cos  (r — «)  dty       gu  sin  (r — 'i)  dt, 

dx  dv 

The  values  of    '    and    "    f^r  this  instant  become 

dt  dt 

J^  +^  cos  (v— -i)  dt  :  j^  +  gu  sin  (v—  i)  dt. 
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Since  r  is  constant  in  diflferentiating  for  the  perturbation, 
equation  (a)  gives, 

rf  .  2^=  — gu  \cos  (r  — «)  ^  +  sin  (r— «)  ^-^1  .  dt. 

The  polar  equation  of  the  ellipse  is 

P 


1  +  e  cos  V 
and  we  have 

X  =  r  cos  V  :  Y  ~  ^  si**  ^• 

Differentiating  these  values  of  x  and  y,  and  substituting  the 
values  of 


we  have 

dv      kjp 
dt  ■"  V" 

dx         sin  V 

c/r       e  sin  v 
'      dt-     Vp 

dy     cos  r  +  e 

and  hence 

dt~        Vp 

'       rft  ~        s'p 

d  .  ;r- =  ^  .  -{ sin  a  —  e  sin  (r  —  a)  V  .  dt, 
2a     vp 

p  and  e  being  the  semi-parameter  and  and  excentricit y  of  the 

orbit.    Now  

dt  =  /■'  .  dv  =  :, -i^^. 
VP  (1  +  ecos  vy 

so  that 

^     ^    _  ^,^     (sing  — esin(r— ^)\      , 

rf  .  2a-  -  ^^  •  \      (1 +  e  cos  r)-i  '  ^  ^  * 

or  we  have  finally 

-     1    _  f    sin  «  rfr    e  cos  a  sin  v  dv\        ... 

^  •  2a  "  ^"^  •  irTe"^^^'       (1+7 cos  r)^   i'      ^^^ 

The  integral  of  {b)  between  the  limits  r^and  r,  gives  the  vari- 
ation of  -  in  the  corresponding  interval.  If  e  be  the  ex- 
centric  anomaly  we  have 

Jc  1 

dt~  r^a 
and  hence 

r ,  dv  =  sap  .  de. 
The  differential  (b)  takes  the  form 

J  .  ^     =  gu  ^  sin  a  i^ap  .  Js  — cos  «  rfrj^, 
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and  the  integral  is 

^  .  2^  =  5^  Tsin  «  ijap  .  (£«—?,)  —  cos  «  (r,— r,)  ), 

The  corresponding  change  in  the  periodic  time  is 

Jt  =  — Zgna  T  .  .{sin  «  V^P  •  («2 — *i)  —  ^^^  a  (r, — r,)  }►. 

For  a  ntimerical  example  let  «  =  0,  or  assume  that  the  mat- 
ter is  thrown  off  towards  the  sun.  Bessel  found  from  his 
observations  of  Halley 's  comet  in  1835  the  value  of 

g  =  0.03756, 

the  unit  of  time  being 

^=  58.13244  days, 

where  k  is  the  Gaussian  constant.    Hence  we  have 

Jt  =  +  57185  (rj— r,)a,  in  days. 

For  Oct.  2  and  Oct.  25,  r,  =  1.08386;  r,  =  0.75085,  so  that 

Jr  =  — 19043  .  w. 

Suppose  that  during  this  interval  of  23  days  the  comet 
threw  off  daily  ^^^  part  of  its  mass  towards  the  sun,  an 
amount  which  Bessel  thinks  was  indicated  by  observation ; 
we  have 

u  =  ^—  =  0.05813244 
k 

and  the  result  in  this  case  is 

Jr  =  —1107  days. 

The  Halley  comet  has  a  period  of  about  76V3  years,  or 
27,900  days,  and  the  major  axis  is  18.178.  On  account  of 
the  magnitude  of  these  quantities  the  value  of  Jr  in  this  txr 
ample  comes  out  large,  but  the  numbers  are  used  simply  to 
illustrate  a  possible  case.  In  order  to  destroy  the  influence 
of  Jr  on  the  periodic  time  there  should  be  an  equal  ejection 
of  cometary  matter  on  the  other  side  of  the  perihelion,  but 
such  an  equality  does  not  seem  probable. 

If  now  we  compare  the  methods  of  Encke  and  Bessel  we 
see  that  the  assumption  of  a  resisting  medium  filling  space 
has  the  advantage  and  the  attraction  which  belong  to  vast 
and  indefinite  theories;  such,  for  example,  as  the  nebular  hy- 
pothesis, and  it  is  not  to  be  expected  that  such  a  theory  will 
be  given  up  because  a  few  facts  contradict  it.  There  is 
alwaj's  a  hope  that  further  investigation  may  reconcile  the 
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facts;  but  so  far  the  progress  of  astronomy  has  weakened^ 
I  think,  the  position  taken  by  Encke  with  such  confidence 
thirty  years  ago,  and  at  the  present  time  the  astronomical 
proof  of  a  resisting  medium  is  very  slight.  On  the  other 
hand  Bessel  has  onh'-  called  attention  to  a  phenomenon 
which  has  been  observed  many  times,  that  is  the  throwing 
off  of  envelopes  from  the  nucleus  of  a  comet,  which  is  one 
where  the  velocities  of  the  ejected  particles  have  been  meas- 
ured and  their  orbits  computed.  The  mechanical  action  of 
these  masses  on  the  nucleus  of  the  comet  is  therefore  a  ques- 
tion that  astronomers  ought  to  consider,  and  one  for  which 
they  should  seek  a  rational  explanation.  The  onlv  quantity 
in  Bessel's  expression  for  the  change  in  the  periodic  time 
that  must  be  assumed  is  a,  the  ratio  of  the  mass  thrown  off 
to  the  remaining  part.  In  the  example  given  above  this 
ratio  mav  be  taken  erroneouslv,  but  the  distinction  between 
the  methods  should  not  be  overlooked  on  account  of  anv 
numerical  error.  That  a  certain  part  of  the  comet  is  ejected 
is  a  matter  of  fact,  and  if  it  has  a  finite  ratio  to  the  remain- 
ing part  the  mass  and  velocity  of  the  ejected  part  must 
exert  a  certain  force. 
Oct.  15,  1S89. 


ORMSBY   MACKNIGHT  MITCHEL.* 


J.   (J.    PORTKK.t 
For  Thk  Mksskn<;kk. 

To  have  been  the  founder  of  a  scientific  institution  which 
has  now  completed  nearh'^  half  a  century-  of  activity  and 
usefulness;  to  have  secured  for  this  institution  through  his 
own  personal  influence  and  efforts  the  largest  telescope  at 
the  time  in  the  western  hemisphere,  and  one  of  the  largest  in 
the  world;  to  have  aroused  by  his  eloquence  such  a  wide- 
spread interest  in  the  science  of  the  stars  that  other  obser- 
vatories were  organized,  and  the  thoughts  of  multitudes 
were  elevated  above  the  sordid  cares  of  money  getting  to 
the  ennobling  contemplation  of  celestial  scenery;  such  are 
some  of  the  achievements  which  should  cause  the  name  of 
Ormsby  M.  Mitchel  to  be  held  in  lasting  honor, 

•  Sec  frontispiece  in  thin  number.        f  Director  of  the  Cincinnati  Obnervatcirr. 
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Bom  in  Kentucky  in  1809,  when  the  whole  of  the  west 

was  little  more  than  a  wilderness,  and  losing  his  father  soon 
afterward,  he  was  early  thrown  upon  his  own  resources. 
While  he  was  still  a  bov  the  family  removed  to  Ohio  and 
settled  in  Lebanon,  a  village  not  far  from  Cincinnati,  which 
was  afterward  the  scene  of  his  heroic  struggles  and  brilliant 
success.  Resolving  to  gain  an  education,  he  obtained  an 
appointment  to  the  military  academy  at  West  Point 
through  an  influential  relative  of  his  mother.  When  that 
gentleman  said  to  him,  **  We  have  had  many  of  our  boN'S  go 
to  West  Point,  but  few  of  them  get  through,"  Ormsby  drew 
himself  up,  looked  him  in  the  eye,  and  replied.  **I  shall  go 
through,  sir!"  He  was  as  good  as  his  word.  Though  one 
of  the  yoimgest  of  his  class  he  graduated  with  honor,  and 
was  appointed  assistant  professor  of  mathematics  in  the 
Academv.  Afterward  he  was  stationed  for  a  short  time  in 
Florida ;  but  soon  tiring  of  the  inactivity  of  army  life,  he  re- 
signed his  position  and  came  to  Cincinnati,  where  he  com- 
menced the  practice  of  law.  In  1834-  he  was  elected  pro- 
fessor of  mathematics,  philosophy  and  astronomy  in  the 
Cincinnati  College  then  just  established. 

Astronomv  was  at  that  time  in  its  infancv  in  this  countrv. 
A  few  observatories,  connected  for  the  most  part  with  insti- 
tutions of  learning,  and  very  imperfectly  equipped  with 
small  and  inferior  instruments,  had  alreadj'  been  built;  but 
the  energies  of  the  nation  were  absorbed  in  developing  the 
grand  resources  of  a  new  and  ever  widening  territory,  and 
the  cultivation  of  the  liberal  arts  and  sciences  was  mostlv 
left  to  the  established  civilizations  of  the  Old  World.  Still 
there  was  already  wealth  enough  in  the  country,  and  even 
in  the  West  to  justif\'  an  increased  attention  to  higher  learn- 
ing. What  was  specially  needed  was  some  one  to  interest 
the  people  and  awake  enthusiasm  on  such  subjects.  This  is 
what  Mitchel  did  for  astronomy.  Others  have  accomplished 
far  more  than  he  in  the  way  of  laborious  scientific  research ; 
but  none  probably  have  wielded  a  more  potent  influence  for 
the  advancement  of  astronomv  in  this  countrv  than  did 
Mitchel  by  his  matchless  eloquence,  the  echoes  of  which  have 
not  vet  died  awav  in  the  memories  of  those  who  heard  him. 

Becoming  deeply  interested  himself  and  desiring  to  lead  his 
students  into  still  more  intimate  knowledge  of  the  wonders 


of  the  skv.  he  conceived  the  idea  of  erecting  an  Observatory. 
It  was  an  arduous  undertaking  for  a  man  without  fortune 
himself  and  with  no  wealthy  patron  to  back  his  enterprise ; 
and  nothing  short  of  indomitable  energy  and  perseverance, 
coupled  with  no  inconsiderable  business  tact,  could  have 
carried  it  through  to  successful  completion.  He  ojiened  His 
campaign  by  a  brilliant  series  of  lectures  which  he  illustrated 
with  a  stereopticon,  taking  his  hearers  over  the  whole  range 
of  astronomic  discover^',  from  the  rude  observations  of  the 
primitive  gazer  upon  the  Babylonian  towers,  on  down  the 
ever  brightening  track,  till  he  ushered  them  into  glories 
which  stream  upon  the  vision  of  him  who  views  the  heavens 
through  the  modem  telescope.  At  the  close  of  these  lectures  he 
laid  before  the  audience  his  project  for  securing  for  Cincin- 
nati an  Observatory  which  should  be  worthy  of  the  name. 
The  fact  was  emphasized  that  in  the  Old  World  "monarchs 
lavished  treasures  on  the  temples  of  science,"  while  here  the 
people  must  build  them ;  and  accordingly  his  plan  was  to 
divide  the  amount  needed  into  shares  of  twenty-five  dollars 
each,  and  each  subscriber  was  to  have  the  privileges  of  the 
Observatory.  When  three  hundred  share  holders  had  been 
obtained,  the  association  thus  formed  sent  Professor 
Mitchel  to  Europe  to  make  the  necessary  arrangements  for 
procuring  a  telescope.  After  a  vain  quest  in  London  and 
Paris,  he  finally  found  in  Munich  in  the  cabinet  of  Merz  and 
Mahler,  successfrs  of  the  famous  Fraunhofer,  the  object  of 
his  desire,  an  objective  nearly  a  foot  in  diameter.  To  mount 
this  glass  would  require  about  ten  thousand  dollars,  a 
larger  amount  than  had  yet  been  subscribed;  but  Mitchel 
believed  that  the  money  could  be  secured,  and  he  ordered  the 
instrument.  Before  returning  to  this  country  he  spent  some 
months  with  Professor  -Airy,  Astronomer  Royal  of  Englandf 
whose  friendship  greatly  encouraged  and  assisted  Mitcbel  in 
his  laborious  undertaking. 

A  commercial  depression  had  come  upon  the  business  of 
the  country  during  his  absence  in  Europe,  a  fact  which  much 
increased  the  difficulty  of  raising  the  payments  for  the  tele- 
scope. Moreover  a  building  must  be  provided  for  its  reccj*- 
tion.  Even  his  most  enthusiastic  friends  were  troubled  by 
the  gloomy  state  of  alTairs,  and  some  of  them  felt  too  jwor 
to  do  all  that  they  had  promised :  but  the  unwavering  faith 
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and  resolution  of  this  heroic  man  achieved  victory  in  the 
face  of  obstacles  that  would  have  discouraged  a  less  exalted 
nature.  The  munificence  of  Nicholas  Longworth  supplied 
the  society  with  a  site  for  their  building  unsurpassed  in 
natural  advantages  by  any  excepting  those  of  our  mountain 
observatories.  Professor  Mitchel  compares  the  view  with 
that  from  the  castle  opposite  the  city  of  Coblentz  on  the 
Rhine.  The  broad  sweep  of  the  Ohio  around  the  foot  of  the 
eminence,  and  the  city  enclosed  by  the  amphitheater  of  hills, 
present  a  prospect  never  to  be  forgotten.  It  is  greatly  to 
be  regretted  that  in  subsequent  years  the  increasing  dirt  and 
smoke  of  the  city  rendered  a  change  of  location  necessary. 

The  ninth  of  November,  1843,  was  a  memorable  day. 
John  Quincy  Adams,  then  nearly  four  score,  had  consented 
to  deliver  the  oration  at  the  lajring  of  the  comer  stone ;  and 
amid  the  hush  of  the  vast  throng  which  had  assembled  on 
the  hill  top,  he  paid  a  worthy  tribute  to  the  "founders  of 
the  Observatory,  to  science,  and  then  to  the  country  he 
loved,  the  home  of  a  free,  enterprising  and  intelligent 
people."  The  following  summer  saw  the  work  on  the  build- 
ing resumed.  During  the  winter  and  spring  the  remainder 
of  the  purchase  price  of  the  instrument  had  been  raised  and 
sent  to  Munich.  The  treasury  was  empty,  but  the  indefati- 
gable astronomer  appeals  to  the  intelligent  mechanics  of  the 
city.  Some  of  them  take  stock  and  pay  for  it  in  labor, 
others  in  materials ;  and  thus  the  walls  slowly  rise,  Mitchel 
himself  much  of  the  time  working  with  his  own  hands.  In 
the  early  part  of  1845  the  building  was  ready  for  the  recep- 
tion of  the  telescope  which  had  arrived  in  February.  We  can 
more  easily  imagine  than  describe  the  anxiety  and  eagerness 
with  which,  after  successfully  completing  the  work  of  mount- 
ing and  adjustment,  he  turned  the  immense  tube  upon  the 
heavenly  bodies.  Its  performance  from  the  first  seems  to 
have  been  entirely  satisfactory. 

Of  the  scientific  work  accomplished  by  Mitchel  there  is  not 
very  much  to  be  said.  His  title  to  fame  does  not  rest  upon 
this,  although  he  seems  to  have  made  good  use  of  the  tele- 
scope during  the  time  that  circumstances  permitted  him  to 
observe  with  it.  Much  attention  had  necessarily  to  be 
shown  to  the  stockholders  of  the  astronomical  society  and 
their  friends.    During  the  first  year  after  the  telescope  was 
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mounted  five  evenings  out  of  the  week  were  devoted  to 
them,  and  in  subsequent  years  half  the  evening.  Not  long 
after  the  completion  of  the  Observatory,  moreover,  the  Cin- 
cinnati College  burned  down,  and  his  salary  as  professor 
ceased.  As  he  had  agreed  to  superintend  the  observatory 
for  ten  3'ears  without  salar\',  depending  on  that  from  the 
college,  he  was  obliged  to  give  part  of  his  time  to  maintain- 
ing his  family'.  In  1846  he  commenced  the  publication  of 
The  Sidereal  Messenger,  the  earliest  magazine  devoted  to 
popular  exposition  of  astronomy.  This  was  successful  for  a 
couple  of  years,  but  for  some  reason  was  then  discontinued. 
In  the  mean  time  Mitchel  had  begun  his  course  of  lectures 
in  the  great  cities  of  the  Union.  He  first  visited  Boston, 
where  his  success  was  so  marked  that  he  was  at  once 
recognized  as  one  of  the  leading  orators  of  the  country. 
Saj's  one  who  heard  him,  **In  New  York  the  Music  Hall  is 
thronged  night  after  night  to  hear  his  impassioned  eloquence 
poured  in  an  unbroken  flow  of  *  thoughts  that  breathe  and 
words  that  burn'  on  the  excited  thousands.  A  sublimer 
spectacle  in  lecturing  was  never  seen.  The  object,  the 
theme,  the  orator,  the  intellectual  audiences,  the  wrapt  at- 
tention, the  almost  painful  intensity  of  feeling,  all  crown  him 
the  prince  of  lecturers.'' 

With  all  these  interruptions  to  his  stricth'  scientific  work, 
it  is  not  to  be  wondered  at  that  he  has  left  no  long  series  of 
observations  behind  him.  Yet  in  this  department  he  was 
not  idle.  He  early  undertook,  at  the  suggestion  of  Airy  and 
Struve,  the  observation  of  the  double  stars  in  the  southern 
^ky.  Some  of  his  measures  were  published  at  the  time  in  the 
scientific  journals,  and  others  may  be  found  in  the  publica- 
tions of  the  Cincinnati  Observatory.  The  duplicity  of  An- 
tares  was  discovered  by  him  in  1846,  though  it  seems  that 
Grant  in  India  had  anticipated  him  by  a  year  or  two. 
Mitchel  was  one  of  the  first  to  employ  the  principles  now 
embodied  in  the  chronograph  to  the  recording  of  time, 
though  he  laid  no  claims  to  having  originated  the  idea.  In 
his  I\)pular  Astronomy  he  says : 

"  In  the  autumn  of  the  year  184-8,  the  late  Professor  S.  C.  Walker,  then  of 
the  U.  S.  Coast  Survey,  was  engaged  with  me  at  the  Cincinnati  Observa- 
tory in  a  series  of  observations  for  the  flctcrmination  ot  thctdifference  of 
loTisj^tude  Ix'twcen  Philadelphia,  and  Cincinnati.  In  comparing  our  clocks 
with  those  of  Philadelphia,  an  observer  at  Philadelphia  listenin*j  to  the 
clock  Ix'at  touched  the  key  of  the  telegraph  at  every  lx;at,  and  we  received 
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at  Cincinnatti  an  audible  tick  every  second  of  time,  which  was  carclully 
noted,  and  thus  our  clocks  were  compared.  There  were  two  sources  of 
error  in  this  method  of  comi)arison,  arising  from  an  imi)erfect  imitation  of 
the  clock-l)eat  by  the  IMiiladelphia  o|)erator,  also  from  our  notintr  the 
arrival  of  that  l)eat  in  Cincinnati,  (hi  the  2Gth  of  ()ctol)er,  1S48,  IVofessor 
Walker,  while  conversin;^?  on  this  sul»ject,  first  i)resentcd  to  me  the  mechani- 
cal problem  of  causing  the  clock  to  send  its  own  l)eats  by  telegraj)!!  from 
one  station  to  the  other,  or  what  amounte<l  to  the  same  thing,  the  problem 
of  converting  time  into  si)ace:  tor  in  case  the  clock  could  send  its  own  beats 
by  telegraph  and  these  lx\its  ould  \yt  received  on  a  uniformly  flowing  time 
scale,  the  star  transit  could  l>e  also  sent  by  teh^grajih  and  received  on  the 
same  scale,  and  thus  a  new  method  of  transits  would  ;it  once  spring  from 
the  resolution  of  the  first  mechanical  problem.  I  was  informed  by  Professor 
AValker  that  the  problem  had  already  l)een  jn-esented  to  others,  but  so  far 
as  he  knew,  had  never  l)ecn  solved.  The  full  value  of  the  idea  was  at  once 
appreciated;  and  on  the  snnie  evening  a  common  brass  clock,  the  only  one 
then  in  the  Observatory,  was  made  to  reconl  its  own  Ixrats  by  the  use  of 
the  electro-magnet  o!i  a  Morse  fillet.  The  ])roblem  once  solved,  nothing 
more  remained  than  to  elaborate  such  machinery  as  would  render  it  ])ossi- 
ble  to  apply  this  new  invention  to  the  delicate  demands  of  astronomical 
observation." 

In  I860  he  was  ap])ointed  to  the  rUrectorship  of  the  Dud- 
ley Observatory  in  Alban\',  but  scarcely  had  he  entered  upon 
the  position  before  the  breaking  out  of  the  Civil  War  called 
him  to  higher  duties.  His  early  training  at  West  Point 
made  him  feel  it  onlv  right  that  he  should  give  his  services 
to  the  support  of  the  government.  How  well  and  nobly  he 
acted  his  part  and  gave  up  his  life  in  the  struggle  for  free- 
dom, is  a  matter  of  historv.  To  trace  his  militarv  career  is 
Ijeyond  the  scope  of  this  article.  Had  he  no  other  claims  to 
eminence  he  would  be  gratefullv  remembered  as  one  of  the 
heroic  defenders  of  his  countrA*.  His  pastor  in  Albany,  in  a 
public  address,  thus  refers  to  him  : 

*'<rtmeral  Mitchtl  was  distinguished  in  so  many  departments  that  I  am 
unable  to  sav  whether  he  was  most  eminent  as  an  astronomer,  a  soldier,  or 
a  Christian.  He  ccrtaiidy  presented  in  a  most  hajjpy  union,  scientific  cul- 
ture, earnest  ]iatriotism.  tender  humanity,  and  devoted  piety.  His  intellect 
moved  among  the  stars  an;!  caught  their  brilliancy.  His  thonghis  partook 
of  their  harmony  and  grandeur.  His  discoveries  and  contributions  to  as- 
tronomical science  are  alone  suflicient  to  render  his  name  distinguished 
in  the  annals  of  .\merican  literature.  >!is  popular  lectures  made  him  a  fav- 
orite with  all.  and  inspired  the  minds  of  the  jK*ople  with  a  love  for  the 
lieauties  «'ind  sublimities  of  astronomy  and  with  adoration  for  the  great 
Creaior  and  Hi«<  marvellous  works.  ...  In  his  death  science  lost  a  rare 
ornamcTit.  the  fjrniy  mourned  a  brave  and  skillful  soldier,  humanity  wept 
for  an  earnest  defender  ;ind  .'Kivocate,  and  the  church  lost  a  true  Christian 
and  luimlile  follower  (»f  our  Lord  Jesus  Christ.  " 
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EARTH-TREMORS. 


HBRBBRT   A.  HOWE.» 
For  The  Mbssbnger. 


During  the  month  of  October  just  passed,  some  experi- 
ments were  made  at  University  Park,  a  suburb  of  Denver, 
to  determine  the  effect  of  vibrations  of  the  earth  caused  by 
trains,  teams  and  men,  on  images  reflected  from  a  mercurial 
horizon.  The  reflected  images  of  objects  on  the  roofe  of 
houses  were  watched  with  the  naked  eye,  and  also  through 
the  telescope  of  an  engineer's  transit,  made  by  Fauth  &  Co. ; 
the  magnif3nng  power  of  the  latter  was  about  twenty  diam- 
eters. The  observing  station  was  1,500  feet  away  from  the 
Denver,  Texas  and  Gulf  railroad  and  500  feet  from  the  Den- 
ver and  Santa  F6  [narrow  gauge].  The  soil  is  a  loam  seve- 
ral feet  deep,  and  was  very  dry,  the  surface  being  quite  hard. 

Below  is  a  summary  of  the  results. 

1.  When  a  man  weighing  135  pounds  jumped  up  from  the 
ground  six  inches,  and  came  down  on  his  heels,  the  reflected 
image  quivered,  if  the  man  was  not  more  than  125  feet 
from  the  mercurial  horizon. 

2.  A  team  of  small  horses,  attached  to  a  light  wagon,  and 
driven  at  a  slow  trot,  caused  disturbances  which  vanished 
when  the  vehicle  reached  a  distance  of  two  hundred  feet 
from  the  mercury. 

3.  A  pebble  half  as  large  as  one's  thumb,  dropped  one- 
eighth  of  an  inch  at  a  distance  of  one  foot,  made  the  re- 
flected image  tremble  perceptibly  to  the  naked  eye.  When 
the  pebble  was  dropped  similarly  and  repeatedly  on  a  little 
heap  of  loose  earth,  no  vibration  was  detected  until  the 
earth  became  packed.  The  image  seemed  to  leap  Away  from 
the  point  where  the  pebble  struck. 

4.  Denver  and  Santa  F€  trains  did  not  shake  the  image, 
probably  because  they  ran  slowly  in  approaching  the  depot. 

5.  Passenger  trains  on  the  Denver,  Texas  and  Gulf  made 
more  marked  tremors  than  freight  trains  of  much  greater 
weight.  Though  the  amplitude  of  vibration  of  the  image 
was  not  great,  it  was  seen  to  increase  as  the  trains  ap- 
proached, and  to  die  away  as  they  receded. 
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6.  The  horizon  was  placed  on  the  ground  at  the  bottom 
of  a  rectangular  excavation  6  feet  deep,  16  feet  long,  and 
2  feet  8  inches  wide,  which  was  surrounded  by  a  12-inch 
stone  wall.  The  transit  was  above,  its  tripod  resting  on  the 
natural  surface,  and  the  reflected  image  was  that  of  the 
cornice  of  a  house.  Pebble^  of  various  weights  were 
dropped  repeatedly  a  distance  of  3  feet,  striking  on  the 
natural  surface  near  the  instrument.  The  point  of  striking 
was  8%  feet  from  the  mercury  [six  feet  horizontally  and  the 
same  distance  vertically].  Some  of  the  pebbles  caused  no 
tremor  that  could  be  seen,  others  a  slight  one,  and  the 
heavier  ones  a  very  marked  quivering. 

The  horizon  was  then  placed  on  the  natural  surface  at  a 
distance  of  8Vi  feet  from  the  point  where  the  pebbles  struck 
the  ground.  The  same  pebbles  were  again  dropped  from  the 
same  height,  but  no  shaking  of  the  image  could  be  per- 
ceived. When,  however,  they  were  dropped  at  a  distance  of 
six  feet  from  the  horizon,  the  disturbance  of  the  image  was 
a  trifle  greater  than  when  the  horizon  was  at  the  bottom 
of  the  excavation. 

7.  The  horizon  was  set  on  top  of  the  stone  wall  surround- 
ing the  excavation,  and  the  pebbles  were  dropped  on  the 
wall  at  a  distance  of  six  feet  from  the  mercury.  The  tremors 
were  much  stronger  than  before. 

8.  Two  pieces  of  iron,  weighing  respectively  one  and  two 
pounds,  were  dropped  from  different  heights  at  various  dis- 
tances from  the  mercury;  the  weights  were  dropped,  in  each 
case,  at  such  distances  that  the  vibrations  caused  were 
bareh'  preceptible.  A  discussion  of  these  revealed  the  fol- 
lowing law : 

The  intensity  of  vibration  varies  directly  as  the  potential 
energy  of  the  suspended  weighty  and  inversely  as  the  square 
of  the  distance  between  the  mercury  and  the  point  of  strik- 
ing of  the  weight. 

These  observations  seem  to  show  that  greater  gain  is  to 
be  expected  from  placing  the  piers  of  instruments  at  a  dis- 
tance from  disturbing  influences,  than  from  sinking  their 
foundations  deep  in  the  earth.  They  are  somewhat  at  vari- 
ance with  the  first  page  of  Loomis's  Practical  Astronomy. 
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NOTE    ON    THE    PHOTOGRAPHIC   SPECTRA   OF   URANUS   AND 

SATURN.* 


WILLIAM   HUGGINS,   D.  C.  L.,  LL.  D.,  P.  R.  8.,  AND  MRS.   HUOGIN8. 


Uranus. — In  1871  I  had  the  honor  to  communicate  to  the 
Royal  Society  an  account  of  the  examination  of  the  visible 
spectrum  of  Uranus.t  The  visible  spectrum  of  this  planet  is 
remarkable,  as  it  is  seen  to  be  crossed  by  several  strong  lines 
of  absorption.  Six  of  these  dark  bands  are  show^n  in  a  dia- 
gram which  accompanies  the  paper,):  and  their  approximate 
positions  in  the  spectrum  are  given.  The  spaces  between  the 
dark  bands  appear  bright  by  contrast,  and  might  suggest 
at  first  sight  bright  bands.  I  was  utiable  to  use  a  slit  suf- 
ficientlv  narrow  to  enable  me  to  determine  whether  the 
bright  parts  of  the  spectrum  contain  the  Praunhofer  lines, 
which  would  be  the  case  if  Uranus,  like  the  other  planets, 
shines  by  reflected  solar  light. 

The  spectrum  of  this  planet  was  carefully  examined  in 
1872  by  Vogel,§  whose  results  are  in  accordance  with  my 
earlier  ones.  He  observed  some  fainter  lines  or  bands,  in  ad- 
dition to  those  given  in  my  paper.  Vogel  was  unable  to 
obtain  evidence  of  the  Fraunhofer  lines.  His  observations 
agree  with  mine  in  placing  a  dark  band  at  the  position  of  F 
in  the  solar  spectrum.il 

In  consequence  of  the  Fraunhofer  lines  not  having  been 
seen,  a  presumption  has  arisen  that  Uranus  may  shine,  in 
part  at  least,  by  emitted  light. 

It  appeared  to  me  that  this  question  might  be  answered 
by  photograph3\  With  an  exposure  of  two  hours,  I  ob- 
tained on  June  3  a  photograph  of  the  spectrum  of  the  planet 
from  a  little  above  F  to  beyond  N  in  the  ultra-violet.  A 
pair  of  sk3'  spectra,  one  on  each  side  of  the  planet's  spec- 
trum were  taken  on  the  same  plate. 

The  spectrum  of  Uranus,  though  fainter,  shows  all  the 
chief  Fraunhofer  lines  seen  in  the  comparison  spectra,  and  is 
clearly  solar.    I  have  not  been  able  to  detect  any  indications 


•  Read  before  the  Royal  Astronomical  Society, 
t  '  Roy.  Soc.  Proc..'  vol.  19,  p.  4-88. 
t  To  be  published  in  next  M bhsbngbr. 

i  '  TTntersuchuns^en  uber  die  Spectra  der  Planeten/  Leipzig,  1874. 
j  Measures  of  some  of  the  bands  were  made  at  Greenwich  in  1882.     See  'Green- 
wich Spectroscopic  and  Photographic  Results,'  1882,  p.  33. 
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of  bright  lines,  nor  of  any  strong  bands  or  groups  of  ab- 
sorption, such  as  those  in  its  spectrum  from  F  to  C. 

There  can  be  no  donbt  that  the  spectrum  of  Uranus,  at 
least,  from  a  little  above  F  to  beyond  N  in  the  ultra-violet, 
is  due  to  reflected  solar  light.  I  have  not  yet  been  able  to 
re-examine  the  visible  spectrum  of  the  planet. 

Saturn. — In  1864, 1  gave  an  account  of  an  examination  of 
the  visible  spectrum  of  this  planet  and  its  rings.  In  my 
paper  on  the  **  Photographic  Spectra  of  Stars,"*  I  described 
the  photographic  spectra  of  Venus,  Jupiter,  and  Mars. 
About  a  year  later  I  took  a  photograph  of  the  spectrum  of 
Saturn  and  his  rings,  but  as  it  did  not  present  any  new  feat- 
ures, but  was  purelv  solar,  I  have  not  given  any  description 
of  it. 

The  favorable  position  of  Saturn  this  year  for  obtaining 
a  photograph  in  which  the  spectra  of  the  ansse  of  the  rings 
could  be  seen  distinct  from  the  spectrum  of  the  ball  and  of 
the  part  of  the  ring  crossing  it,  determined  me  to  take  some 
photographs  of  the  planet  and  its  rings. 

I  have  adopted  the  plan  described  in  1880,  in  which  the 
planet  is  photographed  while  the  sky  is  sufliciently  bright  to 
give  a  faint  daylight  spectrum  on  the  plate.  Any  additional 
lines  or  other  modifications  of  solar  light  due  to  the  planet's 
atmosphere  can  in  this  way  be  easily  detected. 

In  the  photographs  taken  this  3*ear  the  slit  was  so  placed 
upon  Saturn  that  the  spectrum  consists  of  three  distinct 
parts,  the  middle  part  being  formed  by  the  light  from  the 
ball,  and  the  part  of  the  ring  across  it,  and  on  both  sides  of 
this  spectrum  the  spectra  of  the  ansae.  The  planet  was 
kept  upon  the  same  part  of  the  slit  with  suflicient  exactness 
to  keep  these  three  spectra  distinct,  and  from  encroachmg 
upon  each  other,  and  therefore  if  any  difference  existed 
between  them  it  could  be  detected. 

The  exact  correspondence  of  the  Fraunhofer  lines  in  the 
spectrum  of  the  planet  and  its  rings  with  those  of  the  sky 
spectrum  is  clearly  shown,  but  I  am  unable  now,  as  I  was  in 
1881,  to  detect  any  lines,  dark  or  bright,  other  than  those 
which  are  also  present  in  the  sky  spectra.  The  spectrum  on 
the  plate  extends  from  a  little  above  F  to  beyond  N  in  the 
ultra-violet. 

•  •  Phil.   Trans./  1880.  p.   609. 
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I  am  trying  to  obtain  enlargements  of  the  spectra  of  Sat- 
urn and  Uranus  to  serve  as  illustrations  to  this  note.  If 
they  can  be  done  so  as  to  admit  of  reproduction,  I  will  do 
myself  the  honor  to  present  them  to  the  Royal  Society. 

[We  have  observed  since,  the  visible  spectrum  of  Uranus, 
but  under  unfavorable  conditions,  the  planet  being  low  and 
the  sky  not  dark.  These  observations  confirm  me  strongly 
in  the  opinion  I  formed  in  1871  that  the  brighter  parts  of 
the  spectrum  appear  so  as  an  effect  of  contrast,  and  do  not 
represent  emitted  light.  In  the  moments  of  best  vision  the 
spectrum  on  both  sides  of  brighter  parts  appeared  to  be 
darkened  by  groups  of  lines  which  give  a  heightened  effect 
by  contrast  to  the  less  obscured  parts  between  them. 

At  moments,  we  were  conscious  of  dark  lines  crossing  the 
spectrum,  but  the  unfavorable  conditions  under  which  the 
observations  were  made  prevented  us  from  ascertaining  by 
measurement  or  otherwise,  whether  any  of  these  lines  were 
Fraunhofer  lines.— July  5.] 


OBSERVATORY  LOCAL  PATRONAGE  THREATENED. 


It  is  well  known  to  all  our  readers  that  it  has  been  the 
practice  of  astronomical  Observatories,  from  the  first,  to 
give  attention  to  the  matter  of  keeping  accurate  time,  and 
often  to  distribute  it  to  local  customers  for  whatever  paj",  in 
money,  could  be  properly  secured.  These  customers  have 
usually  been  jewelers,  hotels,  banks,  business  houses,  rail- 
road companies  and  other  forms  of  business  depending  more 
or  less  upon  the  use  of  accurate  time.  Outside  of  voluntary- 
gifts  by  the  few  friends  who  might  be  interested,  this,  local 
time  service  for  the  public  has  been  the  only  means  that  Ob- 
servatories have  had  bv  which  to  secure  a  little  monev  to 
pay  running  expenses.  The  endowed  Observatory  is  the  ex- 
ception and  not  the  rule.  The  cost  of  erecting  a  good  work- 
ing Observatory  is  considerable,  but  the  expense  of  maintain- 
ing one  and  prosecuting  work  therein  for  years  is  even  more. 
Now,  it  has  happened  during  this  last  year  that  this  old  and 
time-honored  custom  of  having  the  benefit  of  this  local  time 
service  from  local  patronage  has  been  curiously  invaded,  and 
very  persistent  attempts  have  been  made  wholly  to  divert 
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this  local  patronage  from  the  local  Observatory  to  the  use 
and  benefit  of  a  merely  commercial  corporation,  and  that, 
too,  one  of  the  largest  corporations  of  the  kind  in  the  United 
States.  The  general  plan  of  work  to  accomplish  this  impor- 
tant commercial  end  was  about  as  follows :  By  printed  cir- 
culars the  general  officers  of  the  various  railroad  companies 
were  informed  that  Observatory  time  would  be  furnished 
for  the  use  of  railroad  companies  at  much  cheaper  rates  than 
were  being  paid  to  local  Observatories.  To  this  appeal  little 
or  no  attention  was  paid  by  those  it  was  intended  to  inter- 
est, and  the  next  step  was  to  buy,  or  get  control  of,  certain 
clocks  having  self  winding  and  synchronizing  attachments, 
and  then  oflFer  to  rent  these  clocks  at  very  low  figures  to  all 
parties  interested  in  using  accurate  time,  and  already  using 
local  Observatory  time  in  various  parts  of  the  United  States. 
The  point  in  this  step  seemed  to  be  to  control  all  good  pat- 
ents, and  then  offer  their  use  so  low  that  Observatories  hav- 
ing local  time  patronage  would  be  unable  to  compete  for  it 
longer.  To  make  this  step  a  final  one  in  this  large  commer- 
cial transaction,  and  give  it  character  everywhere  in  the 
country,  the  general  officers  of  this  commercial  company 
(which  we  will  now  name  as  the  Western  Union  Telegraph 
Company),  interviewed  the  Superintendent  of  the  U.  S. 
Naval  Observatory,  and  sought  and  obtained  of  that  officer, 
as  they  say,  certain  definite  contract  relations  by  which  the 
telegraph  company  should  have  the  privilege  and  right  to 
use  the  time  of  the  United  States  Naval  Observatorv  for  its 
own  uses  in  commercial  sale  and  barter.  This  is  no  secret 
on  the  part  of  the  telegraph  company,  for  the  writer  has 
heard  a  Vice  President  of  the  company  very  freely  speak  of 
the  matter,  and  so  have  others.  What  arrangements  the 
Superintendent  of  the  United  States  Naval  Observatory  en- 
tered into  with  the  telegraph  company  named,  by  which  it 
was  deemed  wise  to  permit  this  kind  of  an  attack  to  be 
made  on  the  local  financial  support  of  the  Observatories  of 
the  country,  it  is  not  apparently  very  easy  to  find  out.  So 
far  as  we  know,  all  fair  and  courteous  endeavor  to  get  at 
the  real  gist  and  meaning  of  this  rather  extraordinary  trans- 
action between  a  government  official  and  a  private  tele- 
graph company,  by  which  the  rights  and  interests  of  educa- 
tional institutions  of  the  land  are  put  in  hardship  with  the 


prospect  of  financial  loss,  to  increase  tlie  business  of  n 
private  telegraph  company  in  lines  of  business  not  naturally 
its  own,  scents  to  us  certainly  proper  -matter  for  pabltc 
notice  and  public  record.  It  is  very  hard  to  believe  state- 
ments on  good  authority  that  have  furnished  some  of  this 
information ;  and  we  shall  be  more  surprised  than  ever  if  it 
shall  turn  out  that  the  professors  of  the  United  States  Kavnt 
Observatory  are  in  any  way  giving  countenance  to  any  such 
scheme  as  this. 

In  view  of  the  palpable  wrong  in  all  this  procedure,  it  is 
suggested  that  the  Directors  of  Observatories  and  others  in- 
terested take  up  this  matter  in  earnest,  and  by  judicioas  and 
general  concert  of  action,  seek  promptly  and  thoroughly  to 
right  whatever  of  wrong  may  oppose  the  just  advancement 
of  our  science  by  the  encroachment  of  unworthy  or  merce- 
nary projects.  A  convention  in  the  interest  of  this  move- 
ment, called  at  an  early  date  to  formulate  a  plan  for  general 
use,  seems  a  feasible  and  natural  step  as  a  first  one  to  take. 
General  correspondence  is  solicited. 


DOUBLE  SHOOTING  STARS. 


Prir    THH    MKSBR.S'iKR.  ,    . 

Tne  phenomenon  of  a  double  shooting-star  seen  passing 
through  the  field  of  a  telescope  must,  I  judge,  be  exceedingly 
rare,  as,  during  the  past  thirty-two  years,  I  have  seen  but 
four, — two  several  j-ears  since,  with  my  4',^inch  telescope, 
and  two  more  recently  T,vith  my  16-inch.  Of  the  former  two. 
if  I  remember  rightly  (having  mislaid  the  record),  but  a  day 
or  two  elapsed  between  their  apjwarances.  and,  ver>'  singu- 
larly, the  second  traveled  not  only  over  the  same  path 
(across  Draco),  but  in  the  same  direction,  northeasterly,  as 
the  first.  In  neither  case  did  one  component  precede  the 
other,  but  passed  through  the  field  side  by  side,  at  a  right 
angle  to  the  direction  of  motion.  Had  they  not  done  this 
the  phenomenon  might  have  been  ascribed  to  an  optical  illu- 
sion caused  by  persistence  of  vision  or  something  akin  to  it. 
Between  the  components  of  both  of  these  was  a  strongly 
marked  nebulous  ligament,  in  form  like  a  dumb-bell,  connect- 
ing them  together. 


■k«a 
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On  the  evening  of  S^teraber  18, 1889,  one  traversed  the 
field  of  the  16-inch  glass  from  east  to  west,  crossing  the 
square  of  Pegasus,  presenting  two  small  disks  without  liga- 
mental  band  between,  and  resembling,  as  to  distance  apart, 
magnitude,  and  general  appearance,  the  star  Castor. 

On  the  night  of  October  24  another  wa§  seen  to  pass 
across  the  neck  of  Pegasus  with  components  tied  together 
like  those  first  described,  and  the  distance  between  them 
was  estimated  to  be  about  15  seconds  of  arc.  It  suggested 
Gamma  Delphini  in  appearance.  Its  motion  was  exceed- 
ingly rapid. 

We  have  double  stars,  double  clusters,  double  comets,  and 
double  nebulae,  and  now  the  list  of  doubles  must  be  extended 
to  the  meteors. 

A  few  evenings  ago  I  had  the  pleasure  of  seeing  what  I 
had  never  before  witnessed,  namely,  a  serpentine  shooting 
star,  which  careered  across  the  field  from  west  to  east. 
Two  or  three  small  curvilinear  deviations  were  observed  as 
it  moved  along,  and,  when  it  had  spanned  almost  two- 
thirds  of  the  diameter  of  the  field,  it  gracefully  turned  to  the 
south,  curving  like  a  sickle  blade,  and  disappeared  from 
view. 

I  have  read  of  meteors  of  this  sort  having  been  occasion- 
ally observed,  but  has  any  other  astronomer  ever  seen  a 
double  shooting-star? 

Warner  Observatory,  Rochester,  N.  Y., 
November  18, 1889. 


DR.  PETERS'  STAR  CATALOGUE. 


In  the  March  number  of  this  journal,  an  account  was 
given  of  the  case  of  Dr.  C.  H.  F.  Peters,  Director  of  the  As- 
tronomical Observatory  of  Hamilton  College,  Clinton,  N.  Y., 
against  Mr.  Charles  A.  Borst,  Fellow  at  Johns  Hopkins 
University,  to  obtain  possession  of  the  manuscripts  contain- 
ing over  30,000  stars  arranged  for  a  star  catalogue,  which 
came  up  for  hearing  before  Justice  Williams  of  the  Supreme 
Court  at  Utica,  N.  Y.,  on  the  last  day  of  January  of  the  pres- 
ent year.  It  appears  that  the  manuscripts  were  made  by 
Mr.  Borst,  aided  by  his  sisters,  and  that  they  contain  the 
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positions  of  35,608  stars  reduced  to  the  epochs  of  1850  or 
1875,  and  arranged  in  the  order  of  their  right  ascension. 
These  manuscripts  number  3,572  pages,  900  of  which  are 
double  folio  in  size,  and  show  upwards  of  7,000,000  figures. 
Dr.  Peters  claimed  that  Mr.  Borst  did  the  work  of  compiling 
and  computing  while  he  was  employed  in  the  ObserTi"ator>". 
on  a  salary  paid  by  himself,  and  that  therefore  the  property 
belongs  to  hini. 

On  the  other  hand,  Mr.  Borst  claims  that  he  did  the  work 
on  the  catalogue  outside  of  his  labors  at  the  Observatorr. 
and  that  most  of  the  computations  were  made  by  persons 
at  his  request  without  the  direction  of  Dr.  Peters. 

The  testimony  in  the  case  showed  that  the  labor  put  on 
this  catalogue  would  have  cost  at  least  $12,000.  The  prog- 
ress of  the  trial  developed  large  interest  in  scienti6c  circles 
because  of  the  new  questions  raised  in  a  court  of  justice,  and 
the  prominence  of  some  of  the  witnesses. 

The  decision  of  the  case  was  rendered  by  Justice  Williams 
November  8,  in  favor  of  Dr.  Peters,  and  the  principal  points 
were  substantially  as  follows : 

1.  The  court  held  that  the  manuscripts  and  the  work  on 
them  did  not  belong  to  Hamilton  College  nor  to  Litchfield 
Observatory,  because  tlie  compensation  paid  to  Dr.  Peters 
since  1858  was  deemed  too  small  to  cover  the  work  of 
literary  authorship  injustice  to  him.  This  point  was  stated 
at  length,  and  the  legal  authorities  for  the  position  were 
cited. 

Dr.  Peters  is  Professor  in  Hamilton  College  and  Director 
of  the  Litchfield  Observatory.  On  the  relation  of  his  official 
position  to  that  of  authorship  the  court  held  as  follows: 

In  this  case  (.here  seems  to  have  been  no  agreement  that  any  protluctinn 
of  these  parties  ns  aiitliore  should  be  the  property  of  the  Ob«em»twry  <tr 
the  College.  The  plaintiff  acted  as  professor  and  teacher  in  the  College,  "od 
had  the  custody  of  tile  Observatory  and  fi*  inatnimenta  and  property  rim* 
ncctcd  therewith,  and  the  defendant  acted  as  his  assistant,  and  while  the 
Obscrvatoiy  and  Collc^  might  enjoy  the  benefits  tobe  derived  from  knring 
sucb  men  in  their  employ,  men  who  might  become  eminent  and  dtstin- 
guished  by  reason  of  the  mental  labor  and  results  they  achieved,  it  can 
hardly  be  claimed  the  Observatory  or  College  would  become  the  owners  o( 
the  works  they  might,  as  authors,  produce  and  publish  to  the  world.  The 
property  in  these  works,  so  long  at  least  as  they  remain  nopubllslie'l. 
belonged  to  the  authors  and  to  them  alone.  So  that  the  real  queation  to 
be  determined   here,  is  not  whether  the  Observatory  or  College  was  the 


Dr.  Peters'  Star  Catalogue,  457 

owner  of  these  chattels,  the  book  and  manuscripts,  in  question,  but  which 
one  of  these  two  parties  was  the  owner  thereof,  and  therefore  entitled  to 
their  possession  when  this  action  was  commenced. 

In  this  view  of  this  case,  I  think  it  must  be  said  the  book,  exhibit  2, 
was  the  property  of  the  plaintiff  and  he  was  entitled  to  its  possession.  It 
was  his  in  1884,  before  the  preparation  of  the  other  exhibits  in  question 
was  made,  and  it  is  not  claimed  he  ever  gave  it  to  the  defendant,  or  parted 
with  its  possession  so  as  to  prevent  his  demanding,  and  being  entitled  to 
its  return  at  any  time. 

2.  The  second  point  related  to  the  ownership  of  certain 
parts  of  this  manuscript  catalogue,  whether  they  belonged 
to  Dr.  Peters  as  plaintiff  or  to  Mr.  Borst  as  defendant. 
After  speaking  of  the  various  exhibits  into  which  the  manu- 
script was  divided,  and  the  evidence  of  ownership  belong- 
ing to  each,  the  court  finally  concludes  as  follows : 

I  am  impressed  in  the  examination  of  this  case  with  the  truthiulness  of 
the  plaintifiTs  daim— that  he  regarded  this  catalogue  all  along  as  his  own 
work ;  that  he  never  consented  to  surrender  it  to'  the  defendant ;  that  he  in- 
tended to  give  defendant  full  credit  for  all  he  did  upon  or  with  reference  to 
it ;  but  that  the  defendant,  as  he  became  familiar  with  the  work  and  learned 
how  to  maiftige  its  details,  conceived  the  design  of  appropriating  the  whole 
work  to  himself,  and  depriving  the  plaintiff  of  all  credit  for  or  reputation 
growing  out  of  it.  That  then  it  was  that  he  threw  into  the  work  all  his 
executive  ability,  and  that  of  his  sisters,  with  a  view  to  overwhelming 
the  plaintiff,  and  creating  the  impression  and  belief  in  the  public  mind  that 
it  was  his  own  personal  work,  with  which  the  plaintiff  had  practically 
nothing  to  do.  In  this  view  I  must  bold  that  the  exhibits  in  question,  in- 
cluding exhibits  4,  5  and  6,  were,  at  the  time  of  the  commencement  of  this 
action,  the  property  of  the  plaintiff,  rather  than  the  defendant,  and  that 
plaintiff  is  entitled  to  recover  them  in  this  action. 

3.  The  third  is  also  an  interesting  one,  as  indicating  a 
ground  in  such  a  case  for  legal  damages.  On  this  point  the 
court  said: 

In  view  of  the  evidence  in  the  case,  as  to  the  value  of  the  papers,  I 
can  not  fix  this  value  very  definitely,  but  I  should  say  exhibit  2  was  worth 
$250;  exhibits  4  and  5  each  $500;  exhibit  6,  $1,000;  and  exhibit  8,  $10, 
making  in  aU,  $2,260. 

Damages  for  detention  will  be  fixed  at  the  amount  of  interest  on  above 
values,  and  from  time  of  commencement  of  action. 

The  above  citations  from  Judge  Williams'  decision  in  this 
now  prominent  case  are  taken  from  the  Utica  Morning 
Herald  (Nov.  9)  and  are  given  somewhat  at  length,  because 
it  is  the  only  case  of  the  kind  known  to  us  in  the  annals  of 
astronomical  science.    There  may  have  been  others  like  it, 
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but,  if  so,  we  do  not  know  of  them.  Those  who  may  be  in- 
terested  in  the  legal  or  ethical  parts  of  this  case  and  its  de- 
cision should  read  it  entire. 


CURRENT  INTERESTING  CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury  is  in  the  descending  node  of  his  orbit,  passes 
aphelion  Dec.  7,  and,  at  the  same  time,  is  in  superior  con- 
junction with  the  sun.  On  Dec.  26  he  is  in  conjunction  with 
Jupiter,  and  on  the  27th  he  will  be  in  greatest  heliocen- 
tric latitude  south.  His  position  for  the  whole  month  is  as 
unfavorable  for  observation  as  it  well  could  be. 

Venus  is  a  morning  planet  during  this  month  and  will  be 
in  conjunction  with  the  moon  Dec.  21. 

Mars  will  be  a  morning  star  for  this  month  and  next.  He 
is  in  the  constellation  of  Virgo,  and  during  the  first  part  of 
December  he  will  pass  a  little  north  of  the  bright  star  Spica, 
thence  to  the  south  and  east  entering  Libra  first  days  of 
next  month.  His  declination  will  then  be  eleven  degrees 
south,  and  so  less  favorable  for  observation. 

Jupiter's  position  is  becoming  unfavorable,  because  so  low 
in  the  southwestern  sky  at  early  morning.  The  leading  ar- 
ticle for  November  in  PAstronomie  (French),  by  editor  Cam- 
ille  Flammarion,  is  about  Jupiter.  It  is  accompanied  by  six 
illustrations  of  telescopic  views  of  the  planet's  disk,  showing 
the  prominent  features  of  the  surface  markings.  In  A.  N. 
2928  is  a  brief  article  on  the  occultation  of  Jupiter  by  the 
moon,  Aug.  7,  1889,  by  O.  Tetens  of  the  Observatory  at 
Bothkamp,  accompanied  by  a  fine  plate  showing  the  planet 
Jupiter  about  one-third  occulted.  Two  great  -belts  on  the 
planet's  surface  are  seen,  and  another  singular  phenomenon 
which  we  do  not  remember  to  have  noticed  before.  We  refer 
to  a  kind  of  penumbral  haze,  about  eight  minutes  in  breadth, 
on  the  disk  of  the  planet,  extending  beyond  the  limb  of  the 
moon,  and  concentric  with  it.  The  shade  seems  to  be  about 
one-half  as  dark  as  belts  of  the  planet's  disk. 

Mr.  Tetens*  observation  is  given  below  in  his  own  lan- 
guage as  translated  from  the  German : 
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'*  Although  the  occultation  of  Jupiter  which  took  place  the 
7th  inst.,  by  the  moon,  could  be  followed  only  in  part  on  ac- 
count of  unfavorable  weather  here  in  Bothkamp,  neverthe- 
less I  communicate  my  observations  in  re|2:ard  to  it,  on  ac- 
count of  a  peculiar  appearance  noticed  by  me  during  the  re- 
appearance of  the  disk  of  the  planet,  with  the  supposition 
that  the  phenomenon  was  also  observed  at  other  places. 

What  is  most  important  in  this  unexpected  observation 
consists  in  this,  that  upon  the  disk  of  Jupiter,  which  was 
quite  dark  in  comparison  with  the  moon,  during  the  last 
two  thirds  of  its  emersion  there  showed  itself  a  tolerably 
sharply  defined  shadow ;  which,  fixing  itself  in  a  width  of 
about  one-fifth  of  the  diameter  of  Jupiter  from  the  southern 
to  the  northern  limit  of  the  planet  on  the  edge  of  the  moon, 
did  not  seem  to  change  in  the  course  of  the  appearance  which 
lasted  more  than  a  minute.  The  light  and  dark  zones  of  the 
planet  could  be  seen  with  lessened  intensity  in  the  extent  of 
the  shadows,  but  with  perfect  distinctness.  Within  the  lim- 
its of  the  shadow  imposed  on  Jupiter,  a  parallelism,  with  the 
outlines  of  three  mountains  somewhat  perpendicular  near 
the  edge  which  were  projected  on  the  disk,  was  not  seen. 

During  the  last  seconds  of  the  occultation  I  was  obliged, 
in  order  not  to  lose  the  desired  chronometrical  observation 
of  the  four  contacts,  to  turn  my  attention  from  the  shadow. 
It  was  impossible  to  further  locate  the  cause  of  this  appear- 
ance  as  there  was  no  other  observer  at  hand,  and  during  the 
short  duration  of  the  appearance  the  change  of  the  lens  or 
of  the  entire  instrument  did  not  seem  practicable. 

Nevertheless  I  believe  that  circumstance  dare  not  be  sup- 
pressed. The  observation  was  made  at  the  time  of  the  fol- 
lowing clock  observations  and  the  photographic  impressions 
with  an  11  inch  refractor.  A  magnifying  power  of  about 
270  diameters  was  applied  for  the  ocular  observation,  the 
photographic  impressions  were  taken  in  the  focus.  The 
mechanism  was  adjusted  during  the  whole  time  according  to 
the  movement  of  the  moon.  The  time  stated  indicates  star 
time.  The  added  probable  errors  depend  on  estimations 
which  were  made  at  the  time  of  the  observation. 

b     m     •         • 

1 6  56  30  Jupiter  is  entirely  visible  throiu^h  the  clouds. 

17  2  30  ±  2    Jupiter,  of  whicn  a  few  seconos  before  a  very  narrow  seg- 

ment was  Tirible  through  the  clouds,  disappears  entirely. 
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17    7  17  Small  rift  of  the  clouds;  the  second  satellite  seen  two  min- 

utes before  is  now  hidden. 

1 7    7  30  It  begins  to  rain ;  the  roof  is  closed. 

17  IS  35  Through  the  door  leading  to  the  platformthe  foorth  satel- 

lite can  no  more  be  seen  with  a  previously  arranged 
Praunfaolcr  3-inch  glass. 

17  57  23  ±  2Vi  was  estimated  as  the  time  of  emersion  of  the  third  satellite. 

17  57  31  Its  observed  disappearance  and  its  suddenness. 
IS    1  67  ±  1      Emeraion  of  Jupiter,  exterior  contact. 

18  9  3a  t  lM»Emer^ionof  Jupiter,  interiorcontact. 
18    4    1  ±4     Half  of  Jupiter  has  reappeared. 

IS    4  57  1;  1 V^  Emersion  of  the  second  satellite. 

IB  26  40  to  43  and  -  , 

IB  27  40  to  43  Two  photographic  impressions  were  received  on  the  snine 
plate.  With  the  aid  of  a  magnifier  the  first  impression 
shows  two  dark  eooatoriaJ  bands  to  be  clearly  seen,  and 
also  the  light  band  which  borders  on  the  soatb  on  the 
most  soutnerly  of  those  two;  on  tbe  other  hand  no 
trace  of  the  satellites  is  visible. 

Saturn.  The  chief  thing  of  interest  in  recent  Study  of  Sat- 
urn conies  from  Lick  Observatorj'.  and  is  thework  of  astron- 
omer Keeler  by  the  aid  of  the  spectroscope.  It  will  be  re- 
membered that  Mr.  Lockyerin  A.  N.  No.  2881 -published  a 
note  on  the  spectrum  of  the  rings  of  Saturn  which  was  in- 
tended to  strengthen  his  view  of  their  origin  as  meteoric. 
The  acknowledged  meteoric  constitution  of  the  rings  of  Sat- 
urn made  it  important  to  obtain  a  photograph  of  their  spec- 
trum to  learn,  if  possible,  whether  collisions  were  of  sufficient 
intensityto  produceincandescent  vapors.  A  fine  phcrtogrsph 
of  the  spectrum  of  the  rings  was  obtained  by  the  Henry 
Brothers,  Paris,  which  showed  that  the  rings  were  not  only 
more  luminous  than  the  planet  (already  visually  known), 
but  also  that  "this  is  truer  for  the  blue  light  than  for  visual 
rays."  There  was  evidence  of  bright  lines  in  the  photograph, 
and  it  was  this  point  which  Mr.  Lockyer  wished  to  empha- 
size and  bring  to  the  attention  of  astronomers  generally. 
He  did  not  claim  to  have  established  the  fact. 

In  April  and  May  last  Mr.  Keeler  made  a  study  of  the 
rings  with  the  different  spectroscopes  belonging  to  the  Lick 
Observatory,  but  although  careful  search  was  made  for  the 
bright  lines  on  every  available  opportunity  they  were  not 
found,  and  bethinks  the  probability  of  their  existence  ex- 
tremely small,  as  he  reports  in  a  very  instructive  article  in 
A.  N.,No.  2727.  A  fiirther  objection  is  that  if  the  rings  were 
self  luminous,  and  that  this  was  the  cause  of  the  difference 
in  brightness  between  the  rings  and  the  planet,   then  the 


Current  Interesting  Celestial  Phenomena.  461 

rings  ought  to  be  seen  in  the  shadow  of  the  planet.  That 
point  is  well  made.  Mr.  Keeler  is  very  carefhl  to  say  that 
his  observations,  favorable  or  unfavorable,  would  not  be 
conclusive  evidence  against  the  photographic  process  at  all, 
because  its  long  exposures  can  register  the  action  of  light 
too  small  to  affect  the  eye. 

Uranus  is  a  morning  star  and  is  northeast  of  Spica  in  the 
constellation  of  Virgo,  moving  slowly  to  the  southeast.  He 
will  be  in  conjunction  with  the  moon  Dec.  17,  the  planet 
then  being  4°  41'  south. 

The  planet  Uranus  has  also  been  a  favorite  object  of  late 
for  the  work  of  the  spectroscope.  Mr.  Lockyer  gave  a  note 
to  A.  N.  No.  2904,  in  which  he  suggests  that  the  apparent 
dark  bands  in  the  spectrum  of  this  planet  which  have  been 
mapped  by  Huggins  and  Vogel  are  in  all  probability  not  due 
to  the  absorption  of  any  known  substances,  but  require  some 
other  explanation.  He  suggests  that  it  is  really  a  radiation 
spectrum,  the  apparent  dark  bands  simply  indicating  defect 
of  radiation  in  the  region  where  they  occur,  and  that  the 
bright  flutings  which  appear  in  the  spectrum  may  require  a 
reconsideration  of  the  prevailing  ideas  of  the  constitution  of 
the  planet.  In  reply  to  this  Mr.  Keeler  says  in  A.  N.  2927, 
that  on  examining  the  spectrum  of  Uranus  April  26,  1889, 
with  36-inch  equatorial  of  Lick  Observatorj-,  he  found  that 
the  brightness  of  certain  places  in  the  yellow  and  green  with 
a  low  power  and  small  dispersion  certainly  gave  the  impres- 
sion of  self-luminosity,  but  that  later  study  led  him  to 
change  his  mind.    His  reasons  are  as  follows : 

**1.  The  appearance  of  the  spectrum  with  a  moder- 
ate dispersion  is  more  like  that  of  a  continuous  spectrum 
crossed  by  absorption  bands  than  of  a  fluted  spectrum  with 
dark  spaces.  The  bright  places  do  not  border  sharply  on 
the  dark  bands,  but  are  separated  from  them  by  less  lumin- 
ous portions  into  which  they  gradually  merge  on  both  sides. 
The  light  curve  would  therefore  have  rounded  maxima  at 
these  points,  and  not  fall  off  abruptly,  as  in  a  fluted  spec- 
trum. 2.  The  great  band  at  ^  =  618  is,  according  to  my 
measures,  as  well  as  those  of  other  observers,  exactly  co- 
incident in  position  with  the  great  band  in  the  red  in  the 
spectrum  of  Jupiter  and  Saturn,  this  band  showing  a  regular 
gradation  in  depth  with  increasing  distance  of  the  planet 
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producing  it  from  the  sun,  and  in  Jupiter  and  Saturn  the 
band  is  undoubtedly  due  to  a  surrounding  absorptive  at- 
mosphere. The  same  band  probably  appears  in  the  spec- 
trum of  Neptune,  and  analogy  points  to  an  identity  of 
origin.  It  is  true,  however,  that  the  other  great  bands  in 
the  spectrum  of  Uranus  have  no  counterpart  in  the  spectra 
of  the  interior  planets.  The  band  at  F  in  the  spectrum  of 
Uranus  is  also  an  undoubted  absorption  band.  If  then  two 
of  the  prominent  bands  are  due  to  absorption,  it  is  natural 
to  suppose  that  the  others  are  also,  and  that  the  older  views 
in  regard  to  the  nature  of  the  spectrum  are  correct." 

Neptune  is  in  good  position  for  observation  for  the  entire 
night.  He  has  just  passed  opposition  to  the  sun,  and  is  be- 
tween the  Pleiades,  and  Aldebaran  in  the  constellation  of 
Taurus.  He  will  be  in  conjunction  with  the  moon  Dec.  5,  the 
planet  being  almost  one  degree  to  the  south  of  the  moon. 

MERCURY. 
R.  A.  Decl.  Rises.  Transits.  Sets. 

Dec.  35 19  03.5  —24  50   8  29  a.m.  12  45.6  p.m.   5  02  p.m. 

Jan.   5 20  18.0  —21  30   8  44  **    1  16.6  "    5  50  ** 

15 21  07.4  —16  38   8  31  "     1  26.7  "    6  22  " 

VENUS. 

Dec.  25 17  21.0  —22  49   6  37  a.m.  1103.5  a.m.   3  30  p.m. 

Jan.  5 18  21.3  —23  29   6  57  **   11  20.3  '•    3  43  ** 

15 19  16.0  -22  49   7  09  *'    11  35.4  "    4  02  ** 

MARS. 

Dec.  25 13  39.7  —  8  49   1  54  a.m.   7  22.9  a.m.  12  51  p.m.' 

Jan.  5 14  03.3  —11  00   1  44  **    7  03.0  **   12  22  ** 

15 14  24.5  —12  51   131  **    6  43.0  *'    1155  a.m. 

JUPITER. 

Dec.  25 19  11.1  —22  38   8  26  a.m.   12  53.2  p.m.   5  21p.m. 

Jan.  5 19  22.1  —22  19   7  52  **    12  21.0  "     4  50  ** 

15 19  32.1  —21  59   7  21  "    11  51.6  a.m    4  22  ** 

SATURN. 

Dec.  25 10  25.0  +1134   9  15  p.m.   4  04.6  a.m.   10  55  a.m. 

Jan.  5 10  23.8  -f  11  44   8  30  *'  .   3  20.1  **    10  11  " 

15 10  22.0  +11  57   7  48  **    2  39.0  "     9  30  •* 

URANUS. 

Dec.  25 13  37.7  -  9  33   1  56  p.m.   7  20.8  a.m.   12  46  p.m. 

Jan.  5 13  38.8  -  9  39   1  14  **     6  38.6  "    12  04  ** 

15 13  39.6  -  9  43  12  35  A.M.    6  00.1  "    11  25  a.m. 

NEPTUNE. 

Dec.  25 4  02.4  +18  59   2  19  p.m.    9  43.0  P.M.   5  07  a.m. 

Jan.  5 4  01.5  +18  57   1  35  *'     8  58.8  **    4  22  *• 

15 4  00.8  +18  55  12  55  **     8  18.8  **    3  42  '* 

THE  SUN. 

Dec.  25 18  18.4  -23  23   7  36  a.m.  12  00.6  p.m.    4  25  P.M. 

Jan.  5 19  07.0  -22  34   7  37  "    12  05.8  '*     4  34  •* 

15 19  50.4  -21  02   7  35  *'    12  09.8  **     4  45  " 
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Date. 

Jan.  3. 
6. 


Star's 
Name. 


Occultmtions  Visible  at  Washington. 

IMMBRSION.  BMBRSION. 

Masnii-        Wash.    Ang^lefm  Wash.    Ancle  fm  Dura- 

tude.        Mean  T.    N.  P't.  Mean  T.      N.  P't.  tion. 

h    m              o  h    m             ^  h 


.o  Tauri 6  8  54         50 

.7  Cancri 6V^         9  26       162 


m 


10  17 
9  52 


276 
199 


1  23 
0  26 


Phases  of  the  Moon. 


«( 


Central  Time 
d     h     m 

Dec.  15  8  58  A.  M 
'*  22  6  53  A.  If 
"    28  11  16  P.  M 


Last  Quarter 1889 

New  Moon ** 

First  Quarter " 

Full  Moon 1890  Jan.    5  11  37  P.  m 

^  Q«^^ 

Perigee ^.... 

Apogee 


14  12  33  A.  M 
Dec.  22  7  4  P.  ic 
Jan.    6    6    5  a.  m 


Ekmgations  and  Conjunctions  of  Saturn's  Satellites. 

[Central  time ;  B  =  east  elonsration ;  W  =  west  elongation ;   I  =  inferior  coiUunc- 
tion  (north  of  planet);  S  =  tnperior  coiOnnction  (south  of  planet.) 

JAPETUS. 

Dec.  15,  I.  Jan.  3,  W. 

TITAN. 

Dec.  18  10  P.M.'  I.  Dec.  30    9     p.m.    E.         Jan.  11   6.2  p.m.    S. 

22  10  P.  M.    W.         Jan.    3    7.3  p.m.    I.  15   5.6  p.  M.    E. 

26  10  P.  M. ;  S.  7    6.8  P.M.    W. 


Dec. 


Dec. 


Dec. 


RHEA. 

16 

10.1  P.M. 

E. 

Dec. 

30  11.2  a.m. 

E. 

21 

10.4  A.M. 

E. 

Jan. 

3  11.3  p.m. 

E. 

25 

10.8  P.M. 

E. 

8  11.7  a.m. 

DIONE. 

E. 

16 

6.1  A.M. 

E. 

Dec. 

27  4.8  A.M. 

E. 

18 

11.8  P.M. 

E. 

29  10.4  p.m. 

E. 

21 

5.5  P.M. 

E. 

Jan. 

1   3.8  P.M. 

E. 

24 

11.1  A.M. 

E. 

4  9.5  A.M. 

TETHYS. 

E. 

16 

2.6  P.M. 

E. 

Dec. 

27  10.4  p.m. 

E. 

18 

11.9  a.m. 

E. 

29  7.7  P.M. 

E. 

20 

9.3  A.M. 

E. 

31  5.0  P.M. 

E. 

22 

6.6  A.M. 

E. 

Jan. 

2  2.2  P.M. 

E. 

24 

3.9  A.M. 

E. 

4  11.5  A.M. 

E. 

26 

1.2  a.m. 

E. 

6  8.8  A.M. 

E. 

Jan.  1212.0niidn.    E. 


Jan.     7  3.2  a.  m.  E. 

9  8.8  P.  M.  E. 

12  2.5  p.  M.  E. 

15  8.1  A.  M.  E. 

Jan.     8    6.1  a.m.  E. 

10     3.4  A.M.  E. 

12  12.7  A.M.  E. 

13  10.0  P.M.  E. 
15     7.3  P.M.  E. 


Still  Another  Comet.— At  about  10  o'clock  on  Saturday 
evening  last,  while  engaged  in  nebular  work,  I  ran  upon  a 
nebulous  object  having  a  cometary  appearance.  As  the  see- 
ing was  poor,  and  the  object  so  near  the  naked-eye  star  Xi 
Pegasi  as  to  be  difficult  of  observation^  and  to  render  impos- 
sible accurate  bisection  with  the  wires  of  the  eye-piece,  I 
made  from  the  circles  the  following  approximate  position : 
Right  Ascension,  22h  40ni  35vs;  Declination,  north,  11°  35'; 
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and  described  it  as  "Pretty  faint,  large,  little  elongated, 
cometary,  and  preceding  Xi  Pegasi  40s,  a  little  sonth.*'  In- 
asmuch as  Sir  William  Herschel  had  two  nebnlee  near,  which 
I  was  unable  to  find,  and  as  in  30m  no  motion  was  detected, 
I  came,  though  not  without  misgiving,  to  the  conclusion 
that  this  was,  probably,  one  of  his,  presumably  the  brighter 
of  the  two.  The  place  of  my  suspect  did  not,  however, 
agree  with  his;  but  this  is  a  hot  uncommon  occurrence.  Last 
evening,  with  the  seeing  moderately  good,  I  again  essayed 
an  observation  of  the  suspicious  body,  which  was  missing. 
A  search  revealed  on  the  other  side  of  the  star  a  similar  ob- 
ject distant  75s.  The  distance  in  R.  A.  in  both  cases  w^as 
determined  by  counting  the  clicks  of  a  sounder  beating  side- 
real seconds.  A  bank  of  cloud  low  down  in  the  southwest 
threatened  interference,  so  as  quickly  as  possible  I  deter- 
mined its  position  from  the  circle  reading,  making  it  at  6/1 
45m,  R.  A.  22h  42m  25s  +  11°  50'  30"  allowing  for  refrac- 
tion in  Dec.  Motion  having  been  observed  I  hastened  to  the 
telegraph  office  and  announced  its  discovery  to  Professor 
Pickering  with  injunction  to  ** cable."  Returning  home  I  se- 
cured another  hastj"  observation,  but  the  sky  suddenh' 
clouded.  LEWIS  swift. 

Warner  Observatory,  Rochester,  N.  Y., 
Nov.  18,  1889. 


Epbmeris  of  the  Brorseh*s  Comet. 
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Elements  and  Ephemeris  of  Comet  f  1889  {Swift).  A  tele- 
gram from  Rochester,  received  November  18,  announces  the 
discovery  of  a  comet  by  Prof.  L.  Swift,  the  position  being 
the  following:  1889,  November  17c?  6A  45/22  (probably 
Eastern  Standard  Time).    R.  A.    22A  42/22  25s.    Decl.  N. 

11°  5r. 

The  comet  has  been  observed  on  November  18  and  22  at 
Harvard  College  Observatory  by  Mr.  Wendell,  and  at  Lick 
Observatory  by  Mr.  Barnard. 

The  Lick  position,  communicated  by  telegraph,  is  as  fol- 
lows :  1889,  Nov.  20.6704,  Gr.  m.  t.  R.  A.  22b  49in  19.0s. 
Decl.  +  12°  45'  52''. 

From  the  two  Cambridge  positions,  kindly  furnished  by 
Professor  E.  C.  Pickering,  and  that  obtained  at  Lick,  the 
Rev.  George  M.  Searle,  of  St.  Thomas  College,  Washington, 
D.  C. ,  has  computed  the  following  elements  and  ephemeris : 

ELEMENTS. 

T  =  1889,  December  1.6136,  Greenwich  m.  t. 
a/=    74°  17' .8) 
v>  =  324   48  .9  V  1889.0 
/  =     10    58  .2 
a  =  1.4294 
Middle  Place  (O— C),    J  a  cos  ^  =  +  28"    J,5  =  —  3" 


EPHEMERIS. 

Or.  Mklnipht  isSO.     R.  k. 

1- 

Decl. 

logj 
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30 

Decern  Ijer     4 
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n.        III. 

23       3 
13 
24 

23    36 

8. 

3 
25 

28 
9 

+14    28.4 

15  40.3 

16  51.9 
+18       3.4 

0.8979 
0.9041 
0.9110 
0.9188 

0.96 
0.94 
0.91 
9.89 

Light  at  discovery  =  1  . 

The  small  inclination  gives  considerable  probability  of 
periodicity ;  the  sign  of  the  discordance  for  the  Middle  Place 
also  seems  to  point  the  same  way, — Science  Observer. 
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Ephemeris  of  Comet  II 1889,  {Barnard,  March  31), 

1889  G.  M.  T.  App.  a  App.  d          log.  r    log.  J    L. 

h  m  s  o 

Nov.  22  0  28  2  —17  25.4   0.4644   0.3679   0.83 

23  26  3  17  25.7 

24  24  8  17  25.6 

25  22  17  17  25.2 

26  20  29  17  24!7   0.4684   0.3862   0.74 

27  18  45  17  23.9 

28  17  5  17  22.8 

29  15  28  17  21.5 

Dec.  30  13  55  17  20.0   0.4725   0.4043   0.67 

1  12  25  17  18.3 

2  10  58  17  16.3 

3  9  34  17  14.3 

4  8  13  17  12.0   0.4765   0.4221   0.61 

5  6  56  17  9.7 

6  5  41  17   7.1 

7  4  29  17  4.4 

8  0      3  20  —17  5.1       0.4808       0.4395       0.55 

E.  Milosevich  in  A,  AT.,  No.  2931 


The  equations,  x^  +  j"-  =  7;  x  +  y-  =  11,  should  never  be 
classed  with  elementary  quadratic  equations.  I  beg  leave 
to  assure  the  student  of  elementary  algebra  that  he  is  per- 
fectly right  in  finding  them  difficult  to  solve,  for  the  reason 
that  the}'  cannot  be  solved  at  all  by  a  correct  application  of 
the  principles  of  elementary  algebra. 

Eliminating  y,  the  equation  for  x  becomes  x* —  14-x-  +  x  -|- 
38  =  0 ;  which  being  of  the  fourth  degree  will  be  satisfied  by 
four  different  values  of  x  (the  numerical  values  of  x  being 
best  found  by  a  tedious  process  of  trial;)  and  then  to  every 
value  of  X  will  correspond  a  i^articular  value  of  y.  In  this 
manner  the  following  approximate  values  were  found. 

X  V  X-  V- 

1  +  2.0000  4-  3.0000  -f    4.00()0  -f-    O'OOOO 

2  +3.1313  —  2.f<051  -f    9.8051  +    7.8GS7 

3  —  3.2S3L'  —3.7793  +10.7793  +  14.2S32 

4  —1.8481  +3.5844  +    3.4156  +  12.S4S1 

CLEVELAND  KEITH. 


Another  Solution.  Allow  me  to  observe  that  Mr.  Myers' 
solution  in  Number  79  of  the  Messenger  is  not  quite  sat- 
isfactory'. From  the  equations  x^  +  r  =  7,  x  +  y^  =  11,  he 
obtains'  virtually  {x  +  V^Y  +  ( v  +  V2)'  =  (§-)'  +  (^)',  and 
then  assumes  that  (a-  +  Vi?)'  =  (|)%  and  (r  +  V2)'  =  (1)^ 

Why  should  he  not  as  well  assume  (x  +  V2)"  =  (-^)*,  and 
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(y  +  V2Y  =  (|-)'?    From  these  he  could  not  find  values  of  x 

and  y  that  satisfy  the  given  equations  as  they  stand.  Again, 

on  Mr.  M.'s  assumption  the  results  should  be  x  +  %  =  ±  |-, 

y  +  V2  =  ±\\  hence  jc  =  2  or  -  3,  j^  =  3  or  —  4.  The  val- 
ues -Y  =  —  3,  y  =  —  4  ought  to  satisfy  the  given  equations, 
which  they  will  not. 

A  correct  solution  of  the  equation  is  as  follows :  Eliminat- 
ing y  by  substitution  g^ves 

X*  —  14x^  +  X  +  38  =  0.  (1). 

This  equation  has  four  roots  or  values  of  x,  and  from 
them  four  corresponding  values  of  y  may  be  found  from  the 
equation  r  =  7  —  x^.    Equation  (1)  may  be  written 

X*  —  2x'  +  2x'  —  4x'  —  10x=  +  20x  —  19x  +  38  =  0, 

.-.  x*(x  —  2)  +  2x'(x  —  2)  —  10x(x  —  2)  —  19  (x  —  2)  =  0, 
.-.  (X  —  2)  (x'  +  2x'  —  lOx  —  19)  =  0 

Hence,  by  the  Theory  of  Equations, 

X  —  2  =  0,  and  x'  +  2x^-  —  lOx  —19  =  0.        (2). 
.-.  X  =  2,  and  v  =  7  —  2'  =  3. 

The  other  three  roots  or  values  of  x,  are  those  of  (2).  By 
Sturm's  Theorem,  the  roots  of  (2)  are  found  to  be  real,  but 
incommensurable  with  unity,  and  one  of  them  lies  between 
3  and  4,  a  second  root  between  —  3  and  —  4,  and  the  third 
between  —  1  and  —  2.  B3'  Homer's  Method  these  roots  are 
found  to  be  approximately,  x  =  3.1313125,  x  =  —3.283186, 
and  X  =  — 1.84812652.  The  corresponding  values  of  y,  from 
y  =  7  —  x%  are  y  =  -  2.8051181,  y  =  —3.779310,  and  y  = 
3.58442837.  These,  with  the  corresponding  values  of  x,  will 
satisfy-  the  equation  x  +  3-2  =  n  to  at  least  six  places  of 
decimals.  The  writer  at  one  time  computed  and  verified  the 
values  of  x  and  y,  for  a  friend,  to  thirteen  decimal  places  b\' 
the  method  here  stated. 

The  associated  values  of  x  and  v  are : 

X  =  21  X  =  3.13131251  x  =  -3.2831861  x  =  -1.84813652 
y  =  3j  y  =^-2.8051181/  y  =  -3.779310)  y  =     3.58442837 

The  last  three  sets  of  values  are,  of  course,  only  approxi- 
mate. GEORGE  W.  COAKLEY. 

Hampstead,  Long  Island,  N.  Y. 
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EDITORIAL  NOTES. 


Volume  VIII  of  the  Messenger  closes  with  this  number. 
Patrons  will  please  bear  in  mind  that  all  subscriptions  for 
the  year  1889  also  end  with  this  issue.  Those  that  wnsh  the 
journal  continued,  who  have  not  already  done  so,  will  con- 
fer a  favor  by  notifying  the  publisher  at  once,  that  mailing 
lists  for  January  may  be  correct. 

It  is  very  gratifying  to  receive  so  many  words  of  commen- 
dation, during  the  last  month,  in  regard  to  new  features  for 
this  periodical  for  the  year  1890.  We  wish  to  assure  these 
many  friends  that  their  well  chosen  words  g^ve  more  encour- 
agement and  heart  in  this  difficult,  though  useful  work  that 
we  have  undertake,  than  they  can  realize  unless  they  have 
had  a  like  experience.  The  change  of  subscription  price  to  $3 
was  the  most  trying  part  of  it  all  for  ourselves,  but  the  need 
of  it,  for  the  better  results  in  the  future  plan  seemed  clearly 
necessary  and  therefore  the  change  was  made  after  careful 
consideration. 

Now,  as  a  new  start  is  to  be  taken,  contributors  are  re- 
spectfully asked  and  kindlj^  urged  to  make  communications 
as  brief  as  possible^  consistent  with  a  clear  setting  forth  of 
the  matter  to  be  presented ;  and  if  manuscripts  are  plainly 
written  and  simply  worded,  the  points  made  will  certainly 
be  more  attractive  and  forceful  for  the  general  reader. 


Drawings  of  the.  Milky  Way,  In  November  Knowledge 
attention  is  called  [to  three  large  detailed  drawings  of 
Milky  Way  made,  by  Dr.  Otto  Boeddicker,  assistant  to  the 
Earl  of  Rosse  at  Parsonstown.  The  space  covered  b\'  these 
maps  is  a  little  more  than  the  northern  half  of  the  Galaxy 
extending  from  10^  south  of  the  celestial  equator.  One  map 
gives  the  whole  view,  the  other  two  show  the  same  on  a 
larger  scale.  Dr.  Boeddicker  was  occupied  five  years  in  com- 
pleting this  work,  and,  in  detail,  the  drawings  are  said  to 
vary  considerably  from  the  work  of  Heis  and  Gould.  It  is 
suggested  that  the  Galr^xy  ofTcrs  an  inviting  field  for  those 
obser\^ers  who  are  provided  with  photographic  telescopes, 
for  its  detailed  structure  may  be  the  key  that  we  need,  to 
lead  to  a  better  understanding  of  sidereal  astronomy. 
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The  Yarnall  Catalogue  of  Stars  Revised  and  Corrected.  A 
copy  of  the  Yarnall  catalogue  of  stars,  as  revised  and  cor- 
rected by  Professor  Edgar  Frisby,  of  the  United  States 
Naval  Observatorv'  has  been  received.  The  first  edition  of 
this  catalogue  was  published  in  1873  by  Mr.  Yarnall,  and 
was  in  the  same  form  as  it  now  appears.  In  1878  a  second 
edition  was  published  bj'  Mr.  Yarnall,  which  gave  better 
places  of  some  of  the  stars  previoush'  observed  but  once  or 
twice.  The  object  in  publishing  a  third  edition  of  this  cat- 
logue  at  the  outset  was  to  correct  the  errors  generally 
known  to  exist  in  the  previous  ones.  Professor  Frisby  had 
not  gone  far  in  this  work  before  he  learned  that  he  had  a 
greater  task  on  hand  than  had  been  anticipated;  for  it 
seemed  necessary  that  a  more  complete  and  s\'stematic  ex- 
amination should  l3emade  than  had  been  done  before,  includ- 
ing a  re-examination  of  all  anonymous  stars,  comparing  the 
named  stars  with  those  of  existing  catalogues,  re-numbering 
of  all  the  stars,  changing  names  wherever  necessary,  and 
supplying  names  that  existed  previous  to  the  publication  of 
the  catalogue.  In  this  he  was  greatly  aided  by  the  recent 
publication  of  the  Southern  Durchmusterung,  Gould's  Zones, 
and  General  Catalogue,  in  identifying  man^'  stars,  and  in 
correcting  the  records  of  others.  One  common  mistake  in 
the  former  editions  was  due  to  combining  the  right  ascen- 
sion of  one  star  with  the  declination  of  another,  a  verv  easy 
mistake  whenever  the  right  ascension  is  observed  b^*  one  in- 
stnmient  and  the  declination  b\' another.  The  other  sources 
of  error  are  mainly  such  as  notice  here  would  not  help  any 
one  to  avoid  like  errors  in  similar  work. 

In  giving  names  to  stars  the  following  principles  have  gen- 
erally been  adopted,  taking  care,  however,  not  to  change  the 
existing  names  unless  for  some  good  and  satisfactory 
reason : 

1.  The  oldest  name  in  any  standard  catalogue  has  been 
preferred  unless  there  was  some  uncertaint}-  or  mistake  in 
that  catalogue,  or  unless  the  name  already  used  was  that 
of  one  of  the  recognized  standard  authorities,  although  not 
the  oldest.  2.  No  catalogue  issued  since  the  publication  of 
Yarnall's  Catalogue  has  been  used  for  that  purpose.  Most 
of  the  names  in  the  British  Association  have  been  retained, 
although,  in  the  case  of  double  stars,  or  such  stars  that  had 
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one  authority  given  in  that  catalogue  the  original  name 
has  been  retained. 

Following  this  catalogue  of  10,964  stars  are  25  pages  of 
notes  referring  to  the  mistakes  in  the  second  edition  and  the 
changes  that  have  been  made  in  the  third.  We  give  one  il- 
lustration from  these  pages  which  is  a  fair  example:  ** New 
numbers  593,  622;  old  number,  590,  Right  Ascension  and 
Declination  belong  to  different  stars,  the  given  Right  Ascen- 
sion also  being  Im  wrong  for  the  former  star.'*  For  those 
who  have  not  seen  the  former  editions  of  this  catalogue  it 
may  be  said  that  the  arrangement  is,  first  column.  Cat- 
alogue number  of  star;  2d,  star's  name;  3d,  magnitude; 
4th,  5th,  6th  and  7th  (between  heav3''  vertical  lines), respect- 
ively, mean  right  ascension  for  1860,  mean  year,  number  of 
observations,  annual  precession  for  1860.  The  last  four  col- 
umns on  the  page  are  respectively,  mean  declination  for 
1860,  mean  year,  number  of  observations,  annual  preces- 
sion 1860. 

Apparenth'  this  revision  is  a  thorough  piece  of  work,  and 
one  that  has  been  much  needed. 


Washington  Transit-Circle  Observations  of  the  Sun  1875- 
1883.  The  September  number  of  the  Monthly  Notices  con- 
tains a  discussion  of  the  observations  of  the  Sun,  made  with 
the  Washington  Transit-Circle,  during  the  years  1875-1883 
inclusive,  b3'  A.  M.  W.  Downing.  This  investigation  was 
undertaken  because  of  the  comparatively  large  discordances 
in  the  position  of  the  equinox,  as  found  from  the  meridian 
observations  of  the  principal  Observatories.  The  observ-a- 
tions  of  the  sun  so  made  ought,  from  time  to  time,  to  be  dis- 
cussed and  a  determination  of  the  position  of  the  equinox 
found,  which  will  be  supported  b3'  the  weight  of  all.  This  is 
what  Mr.  Downing  has  tried  to  do  with  apparenth-  great 
care,  using  103  equations  of  condition  in  the  final  reduction. 

The  corrections  to  the  principal  sj'stems  of  right  ascen- 
sions resulting  from  this  discussion  of  Washington  observa- 
tions of  the  sun  are  as  follows : 

Washini^on  (1875-1883)  —  American  Ephemeris  (Newcomb^  =  — 0.016 

—  Berliner  Jahrbuch  (Auwers)  = — 0.0(M> 

—  Greenwich  a  880)  =  -h  0.026 

—  Pulkowa  ( 1 84-5 )  =  -h  0.0(»3 

—  Pulkowa  (1865)  =  -f  0.052 

—  Conn,  des  Temps.  (1883)  =  4"  0.029 
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An  improved  Astronomical  Mirror  is  the  title  of  an  illus- 
trated article  that  appeared  in  the  ScientiBc  American 
(Sept.  7).  The  claim  there  made  is  that  concave  mirrors  of 
long  focus  may  be  readily  produced  from  plane-faced  mirrors 
and  that  the  process  has  been  patented  by  Dennis  O'Brien  of 
Oswayo,  Penna.  This  process  is  so  novel,  and  the  probabil- 
ity so  great  that  it  will  be  an  astonishing  improvement 
on  the  old  form  of  parabolic  mirror  that  we  copy  a  single 
paragraph,  as  follows: 

**  The  mirrors  to  be  formed  must  be  of  a  parabolic  section, 
a  true  parabolic  mirror  6  feet  in  diameter  and  72  feet  focus 
hax-ing  a  central  depression  of  just  %  of  an  inch.  To  make 
such  a  mirror  a  pan  is  emploj'ed,  preferabl}"  made  of  cast 
metal  to  be  extremely  rigid,  and  with  flanged  edges  by 
which  it  may  be  bolted  b3'  three  equidistant  bolts  to  the 
flanged  end  of  the  tube.  This  pan  is  formed  with  a  seat  or 
shoulder,  upon  which  there  is  placed  a  plane  mirror,  through 
the  axis  of  which  there  is  drilled  a  small  hole  adapted  to  re- 
ceive a  tube,  with  threaded  ends  to  engage  an  upper  and 
lower  disk  fitting  on  the  upper  and  lower  faces  of  the  mirror. 
The  bottom  of  the  pan  has  a  central  aperture  through 
which  is  passed  a  headed  and  threaded  tube  engaging  the 
other  tube;  and  the  tube  passing  through  the  bottom  is 
turned  by  means  of  a  suitable  wrench,  to  draw  the  center  of 
the  mirror  down  against  its  own  rigidity,  bending  it  into 
concave  shape.  It  is  estimated  that  the  central  disk  need 
not  be  larger  than  half  an  inch  in  diameter  for  a  six-foot 
mirror,  and  this  bending  of  the  mirror  is  preferably  done 
while  the  mirror  is  set  facing  a  test  object." 

Is  there  one  chance  in  a  million  that  such  a  mirror  as  that 
would  be  good  for  an\'thing  for  astronomical  purposes  ? 


Law  of  Density  of  Planetary  Bodies,  Robert  Hooke  has 
published  an  article  in  The  American  Journal  of  Science 
(November)  titled  **Law  of  Density'  of  Planetary  Bodies." 
The  hypothesis  adopted  is,  **  that  the  material  which  forms 
the  principal  part  of  the  masses  of  the  planets  and  their 
satellites  would,  when  subjected  to  the  same  conditions  of 
temperature  and  pressure,  have  the  same  density."  Bj'  this 
h\'pothesis  it  follows,  that  all  planetary  bodies  would  have 
the  same  surface  density  as  rapidly  as  they  reach  the  same 
physical  condition. 
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In  seeking  the  relation  of  density  to  diameter  in  planetary 
bodies,  it  is  obvious  that  the  so-called  older  planets,  Mercury, 
Venus,  Mars,  Earth  and  ^the  satellites  generally,  which  have 
reached  a  solid  condition,  are  the  only  ones  from  which  the 
physicist  can  determine  a  relation  between  the  surface  dens- 
ity and  the  mean  density.  This  is  Mr.  Hooke's  first  step. 
But,  in  seeking  this  relation,  he  does  not  want  the  mean 
density  of  the  planet  as  a  whole,  but  onh'  that  part  of  it 
which  is  due  to  compression,  if  he  is  rightly  to  find  the  law 
of  density  to  diameter.  This  value,  Mr.  Hooke  claims,  is 
the  difference  between  the  surface  density  and  mean  density 
as  a  whole. 

This  point  in  the  discussion  is  an  interesting  one,  and  is 
claiming  the  attention  of  phj'sicists  at  the  present  time. 

From  values  of  the  surface  and  mean  densities  and  diame- 
ters of  the  earth  and  moon,  the  following  conclusion  is 
reached,  viz :  the  increase  of  the  difference  between  the  mean 
and  surface  density  is  proportional  to  the  increase  of  diam- 
eter. 

If  equations  are  formed  and  applied  to  Mars,  Venus  and 
Mercury,  we  have  the  following  numbers: 

1 

Mercury        2992  3.74  4.56  (?)         .^^ 

The  first  column  represents  the  diameters,  the  second  the 
value  computed  from  the  law  of  density-,  the  third,  value 
computed  from  assigned  values  of  masses  and  diameters, 
and  last  Mars,  (sun  =1).  The  agreement  of  values  in  the 
case  of  Venus  and  Mercury  is  so  bad  that  confidence  is 
weakened  in  the  principle  as  a  general  one.  Further  study, 
however,  mav  remove  this  difficultv. 

An  interesting  application  of  this  relation  of  density,  has 
been  made  by  Mr.  Hooke  to  determine,  bj'  computation,  the 
diameters  and  densities  of  the  sun  and  the  outer  planets 
when  they  shall  have  become  solid  like  the  earth  and  moon. 
The  results  are  as  follows : 

Diameters  Mean  Diameters. 

Sun  218,808  miles  87.69 

Jupiter               37,183  17.04 

vSaturn               27,128  13.13 

Uranus               1G,552  9.00 

Neptune             17,220  9.28 


Mars  4211  4.22  4.17  3^^^,^^ 

Venus  7GG0  5.5(5  5.24  (?)  ^^.^^^^ 


Editorial  Notes.  iTS 

Several  other  points  of  equal  interest  are  foand  in  this  sug- 
gestive article. 

Mr.  A.  S.  Flint  of  the  V.  S.  Naval  Observatory,  Washing- 
ton, D.  C,  has  been  appointed  assistant  at  the  Washboni 
Observatorv,  Madison,  Wis, 


Relative  Distaaces  of  the  laner  Planets  from  tlie  San. 
Bode's  law  enables  us  to  state  roughly  the  relative  dis- 
tances of  the  major  plan- 
ets from  the  sun.  The  fol- 
lowing  device,  concerning 
the  inner  group  only,  has 
the  advantage  of  giving 
very  close  approximations, 
at  the  same  time  represent- 
ing the  results  to  the  eye  by 
means  of  geometrical  fig- 
Draw  a  sextant  and  a 
B(|uare  equal  to  it  in  area; 
arrange  them  as  in  the  figure,  and  draw  AD. 

Let  the  radius  AB  represent  the  earth's  distance;  then  KB 
represents  that  of  Venus;  the  perimeter  of  the  sextant 
ABCA  twice  that  of  Mors;  and  AD  twice  that  of  Mercury. 

The  distances  as  thus  determined  are  given  in  the  first  col- 
umn and  the  true  distances  in  the  second  : 

Mercurv,     ....        .3K73  .3871 

Venus.' .7236  .7233 

Earth.  .        -        -        .     l.OOOO        1.0000 

Mars,      ,        -       -        .       -1.5236        1.5237 


A  BibHogropby  of  Geodesy.  We  have  received  a  full  and 
verj-  important  paper  entitled  "  A  Bibliography  of  Geodesy," 
prepared  by  J.  Howard  Gore,  B.  S.,  Ph.  D.,  Professor  of 
Mathematics,  Columbian  University,  Washington,  D.  C, 
This  paper  was  published  as  Appendix  Xo.  16  to  the  Report 
of  1887.  by  the  United  States  Coast  and  Geodetic  Sur\'ey,  F. 
H.  Thorn  lieing  superintendent.  A  casual  glance  at  this 
book  of  300  closely  printed  and  double-column  pages,  of 
large  size,  will  give  little  idea  of  the  iomiense  labor  involved 


t 

L. 


^^ 
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in  it.  One  only  begins  to  realize  something  of  the  task  when 
he  knows  that  Professor  Gore,  in  the  outset  visited  in  p)erson 
thirty.four  of  the  principal  libraries  of  America  and  Europe, 
consulted  many  minor  libraries  by  proxy,  and  undertook,  in 
addition  a  searching  inquir3'  by  correspondence  with  all  the 
geodesists  or  mathematicians  of  both  continents.  That  in- 
terest was  awakened  in  his  work,  abroad,  is  apparent,  for 
Col.  Herschel  very  courteously  gave  Professor  Gore  access  to 
his  manuscript  contribution  to  Pendulum  Bibliography',  and 
the  International  Geodetic  Association  at  Berlin  offered  to 
undertake  the  publication  of  his  book.  This  was  certainh"  a 
gratifying  evidence  of  Professor  Gore's  fitness  for  the  work 
as  well  as  an  indication  of  its  anticipated  value  which  an 
examination  of  the  paper  now  fully  sustains. 

In  the  plan  of  this  work  one  alphabet  only  is  used  for  au- 
thors, abbreviations  and  subjects  and  that  a  neat  heavj- 
faced  letter.  The  full  names  of  authors  are  witten  whenever 
possible  at  first,  but  when  repeated,  the  last  name  with  ini- 
tials of  the  Christian  name  appears.  The  works  of  authors 
are  arranged  chronologically  under  their  names  and  in  many 
instances  helpful  notes  are  given  which  show  leading  subjects 
treated  by  the  writer.  This  is  a  time  saving  arrangement 
in  the  canvass  of  authors  on  special  themes.  Scholars  will 
regard  this  piece  of  work  as  one  of  the  most  important  of 
its  kind  that  has  ever  been  published. 

Longitude  of  Carle  ton  College  Observatory,  During  the 
last  month  Carleton  College  Observatory  exchanged  tele- 
graphic time-signals  with  the  Naval  Observatory  at  Wash- 
ington, D.  C,  for  three  nights,  for  the  purpose  of  determin- 
ing the  longitude  of  the  former  Observatory'  more  closel}'. 
Professor  A.  N.  Skinner  observed  at  Washington,  and  Dr.  H. 
C.  Wilson  at  Northfield.  The  reductions  have  not  vet  been 
completed.  The  telegraph  line  between  Northfield  and 
Washington  had  but  one  repeater  for  the  whole  distance, 
and  service  was  excellent.  This  will  be  spoken  of  more  fully 
later.  

Errata,  On  page  424,  occupation  of  Jupiter,  column 
headed  j.  e.  k.,  omit  the  note  to  the  time  of  first  contact  of 
Jupiter;  the  time  does  not  require  any  correction.  In  the 
same  column  the  +  signs  should  be  ±  indicating  an  approxi- 
mate observation.  The  copy  from  which  this  matter  was 
set  was  uncorrected  page  proof,  hence  the  errors. 
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Unto  the  Uttermost.  By  James  M.  Campbell.  Messrs.  Fords,  Howard  & 
Hulbert,  publishers.'  New  York,  1889.  254  pp.  Vellum  cloth;  price, 
$1.25. 

The  author  of  this  book  is  a  preacher  of  the  Congrega- 
tional faith,  one  of  that  increasing  class  of  earnest  enquirers 
who  are  not  afraid  to  say,  **  I  do  not  know,"  while  yet  they 
demand  a  hearing  for  their  well  considered  reasons  for  say- 
ing, **  I  believe;"  but  their  faith  is  in  God  rather  than  in  the 
wisdom  of  men.  The  line  of  his  discussion  in  this  thought- 
ful book  is  well  suggested  in  the  titles  of  its  chapters  which 
are  as  follows : 

Unto  the  Uttermost ;  Castaway  Reclaimed ;  Grace  Conquering  Nature ; 
A  Pessimistic  View;  The  Limits  of  Evolution;  Modem  Miracles;  The 
Higher  Environment ;  The  Universality  of  Divine  Pro\'idence ;  Redemptive 
Effort  a  Necessity  of  the  Divine  Nature;  The  Sin  that  Shuts  the  Door  of 
Mercy;  The  Chief  Danger  Point;  Fluidity  of  Character;  Judicial  Blind- 
ness; A  Common  Spiritual  Disease;  Past  Feeling;  Bartering  the  Birth- 
right ;  Death  a  Loss ;  The  Finality  of  the  Present. 

We  must  confess  that  as  we  perused  the  earlier  chapters 
we  were  a  little  afraid  that  the  author  was  preparing  to 
land  us  in  the  hazy  regions  of  the  Andover  unpleasantness, 
willing  or  unwilling,  possibly ;  for  he  certainly  writes  with 
point  and  tact  on  hard  themes,  and  we  relished  unusually 
the  fresh  putting  of  the  chosen  trains  of  thought  belonging 
to  each  topic. 

But  when  we  finished  **The  Sin  that  Shuts  the  Door  ol 
Mercy,"  *'The  Chief  Danger  Point,"  and  **The  Finality  o 
the  Present,"  we  were  ready  to  say,  in  the  judgment  of  a 
la^^man,  Mr.  Campbell  is  'sound';  he  is  orthodox  after  the 
good  old  western  style  of  belief,  although  he  tells  it  in  a  lit- 
tle different  way  than  do  some  of  his  good  brother  ministers. 
It  is  evident  that  he  does  not  believe  in  limiting  God*s  mercy, 
but  that  he  is  concerned  about,  and  calls  very  frequent  at- 
tention to,  limitations  on  man's  capability  and  willingness 
to  grasp,  at  possible  cost,  the  essentials  of  life  and  faith  as 
taught  by  Jesus  Christ.  The  probationists  will  find  much 
worth  thinking  about  in  the  compact  and  weighty  sentences 
of  these  chapters,  and  religious  readers  and  thinkers  will 
peruse  the  entire  book,  we  think,  with  a  feeling  of  conscious 
and  added  strength,  where  prevailing  opinion  is  in  need  of 
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more  careful  statement  for  its  ready  support  against  the 
attacks  of  recent  dogmas  that  some  reputed  scholars  are 
urging  with  unmistakable  influence,  and,  as  we  believe, 
with  harmful  effect. 


Elementarj'  Mathematical  Tables.  By  Alexander  MacParlane,  D.  Sc.,  LL. 
D.,  Professor  of  Physics  in  the  University'  of  Texas.  Messrs.  Ginn  & 
Co.,  publishers,  Boston,  U.  S.  A.,  and  London;  1887,  pp.  105. 

The  purpose  of  this  new  book  of  tables  is  not  only  for  or- 
dinary' computation  and  the  uses  in  graphic  methods  in 
general,  but  also  in  the  teaching  of  arithmetic,  and  in  the 
illustrations  of  the  theories  of  algebra.  The  table  of  com- 
mon logarithms  are  four-place  and  first  pages  are  for  any 
sequence  of  three  significant  figures,  with  diffierence  column 
on  the  right  hand  side  of  the  page,  and  a  small  table  at  the 
bottom  of  the  page  for  proportional  parts  of  small  numbers. 

Later  pages  give  the  logarithms  of  anj'  sequence  of  four 
places  from  1,000  to  1,900,  and  a  small  table  giving  the 
logarithm  of  six  places  of  numbers  1.000  to  1.100  which  oc- 
cur in  the  calculation  of  interest.  Then  follow  in  order 
tables  respectively  with  these  titles:  Antilogarithms ;  Ad- 
dition Logarithms;  Subtraction  Logarithms;  Logarithmic 
Sines  and  Cosines;  Logarithmic  Tangents  and  Cotangents; 
Natural  Sines ;  Cosines,  Tangents  and  Cotangents ;  Secants 
and  Cosecants  and  Radius  Equivalent  in  Degrees.  Tables 
also  of  reciprocals,  squares,  cubes,  square  roots,  cube  roots ; 
multiples  of  100 — 999;  circumference  of  circles;  area  of  circle; 
constant  of  sphere ;  hyperbolic  logarithms ;  amount  at  the 
end  of  73  years,  present  value  of  1,000;  iimount  of  an  annuity 
paid  at  the  end  of  each  year ;  present  value  of  the  same ; 
amount  of  an  annuity  paid  at  the  beginning  of  each  year ; 
sum  to  be  paid  at  the  end  of  each  of  n  years  to  extinguish  a 
debt  of  1,000;  least  division;  exponentials;  and  multiples 
from  1  to  100. 

The  reader  will  wonder  at  this  extended  list  of  tables  to 
be  found  in  one  book  containing  only  105  pages,  but  he  is 
assured  they  are  all  there  in  clear  figures  of  heavy  and  light 
face  type,  sufficiently  open  and  large  for  easy  reading.  The 
tables  do  not  extend  as  far  as  those  of  the  larger  volumes 
with  more  places,  and  the  plan  on  which  they  are  made  va- 
ries somewhat.  A  hint  or  two  on  the  table  of  logarithmic 
sines  and  cosines  will  help  the  reader  to  form  some  idea  of 
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the  construction.  Pages  fourteen  and  fifteen  contain  the 
sines  and  cosines  of  the  degrees  only  from  1  to  89  in  first 
and  last  vertical  columns.  Between  these  are  11  columns  of 
four  place  functions  headed  at  the  top  respectivel3''  .0,  .1,  .2, 
etc.,  to  1.0  of  degrees.  The  reductions  to  minutes  of  arc 
would  be  done  mentally  when  desired.  From  this  arrange- 
ment the  interpolation  for  odd  minutes  is  of  course  very 
easy.  It  seems  to  us  that  this  book  of  tables  is  a  very 
handy  and  useful  one  for  the  table  of  the  teacher  or  the  gen- 
eral computer.  We  are  not  able  to  speak  of  its  accuracy  for 
the  want  of  time  to  make  the  necessary"  comparisons  for 
personal  knowledge,  but  the  names  interested  in  its  publi- 
cation in  England  and  at  home,  are  doubtless  a  strong 
guaranty  for  this.  It  is  rather  a  novel  feature  that  a  book 
of  this  kind  should  be  published  simultaneously  in  the  two 
countries. 


Cekstial  Motions  is  the  title  of  a  small,  handy  book  of 
Astronomy  bj'  William  T.  Lynn,  F.  R.  A.  S.,  recently  revised 
and  enlarged.  The  first  edition  appeared  in  1884,  the  latest 
revision  belongs  to  the  present  year.  This  little  work  is 
meant  onlj'  to  be  a  concise  digest  of  the  most  important 
facts  pertaining  to  the  motions  of  the  celestial  bodies,  es- 
pecially those  of  the  solar  system.  Care  has  been  exercised 
to  give  the  latest  reliable  information  which  could  be  secured 
in  plain  language  and  without  the  use  of  technical  terms  to 
hinder  the  popular  reader. 

The  author  makes  no  attempt  at  fine  essa3'  writing,  but 
presents  the  following  topics,  in  such  a  way,  as  to  convey 
the  facts  about  them  that  an  interested  reader  would  like  to 
know,  viz.,  the  earth,  moon,  sun,  solar  S3''stem,  planets, 
comets,  meteors,  fixed  stars,  constellations,  refraction,  prop- 
agation, observation  of  light  and  a  sketch  of  the  history  of 
astronomical  discovery,  a  table  of  astronomical  terms  ex- 
plained and  index  to  subjects  and  names. 

The  best  thing  that  can  be  said,  further,  about  this  little 
book  is  that  a  j'oung  man  took  it  from  our  table,  the  other 
day,  and  became  so  interested  in  it  that  he  did  not  stop  un- 
til the  greater  part  of  it  was  read. 

The  book  contains  144  pages  and  is  published  b3'  Edward 
Stanford,  26  and  27  Cockspur  street,  Charing  Cross,  S.  W. 
London,  England,  1889.    Price  half  a  crown. 
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